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1
Z0OOM LENS AND IMAGE PICKUP
APPARATUS USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is based upon and claims the ben-
efit of priority from the prior Japanese Patent Application No.
2013-050189 filed on Mar. 13, 2013; the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a zoom lens and an image
pickup apparatus using the same.

2. Description of the Related Art

Size reduction and weight reduction of an image pickup
apparatus such as a digital camera in which, an electronic
image pickup element is used, have been sought. As a zoom
lens which deals with these expectations, a zoom lens in
which, a reflecting surface is disposed in an optical path of an
optical system, and the optical path is bent by retlection at the
reflecting surface has hitherto been known. By an arrange-
ment of bending the optical path of the optical system, slim-
ming and small-sizing of not only the optical system, but also
of an image pickup apparatus are possible. Therefore, an
image pickup apparatus in which, such zoom lens is used, is
popular.

Moreover, for a zoom lens, a zoom lens having a large
zoom ratio has been sought. This is because a zoom lens with
a large zoom ratio is capable of coping with scenes of cap-
turing of even wider range.

A zoom lens with an arrangement of bending an optical
path, and having a comparatively wide angle of view, and an
image pickup apparatus which includes such zoom lens are
disclosed in Japanese Patent Application Laid-open Publica-
tion Nos. 2009-128620, 2011-095504, 2011-095505, and
2011-017772.

SUMMARY OF THE INVENTION

A zoom lens according to the present invention comprises

a first positive lens unit having a positive refractive power,

a first negative lens unit having a negative refractive power,

a stop, and

a second positive lens unit having a positive refractive
power, and

the first positive lens unit and the first negative lens unit are
disposed in order of the first positive lens unit and the first
negative lens unit from an object side to an image side, and

the second positive lens unit is disposed on the image side
of the first negative lens unit, and

the stop is disposed between the first negative lens unit and
the second positive lens unit, and

each of the first positive lens unit, the first negative lens
unit, and the second positive lens unit includes a lens compo-
nent, and

at the time of zooming from a wide angle end to a telephoto
end,

the first positive lens unit is stationary, and

the first negative lens unit moves toward the image side,
and comes closer to the stop, and

the second positive lens unit moves toward the object side
and comes closer to the stop, and

at the time of focusing, the first positive lens unit is station-
ary, and
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2

the first positive lens unit includes a reflecting member
having a reflecting surface which bends an optical path, and a
first positive lens unit object-side system, and

the first positive lens unit object-side system is positioned
on the object side of the reflecting surface, and has a negative
refractive power, and

the following conditional expressions (1), (2), and (3) are
satisfied

3.7<f (D

1.55<IDp/Dopl<2.5 )

1.75<|fop/D5pl<2.5 3

where,

f, denotes a focal length of the overall zoom lens system at
the telephoto end,

f,, denotes a focal length of the overall zoom lens system at
the wide angle end,

and both f, and f,, are focal lengths when focused to an
object at infinity, and

Din=Dnzr—Dinpw D2p=Dopri~Dopr,,, Where

D,z denotes a distance between the first negative lens
unit and an image plane, at the telephoto end,

Dz, denotes a distance between the first negative lens
unit and the image plane, at the wide angle end,

D,z denotes a distance between the second positive lens
unit and the image plane, at the telephoto end, and

D, denotes a distance between the second positive lens
unit and the image plane, at the wide angle end, and

each of D, 7. Dy Dapps and D,y is a focal length
when focused to an object at infinity, and

f, is a focal length of the second positive lens unit, and

the lens component is a component which has two surfaces
namely an object-side surface and an image-side surface, as
refracting surfaces in contact with air.

Moreover, an image pickup apparatus according to the
present invention comprises a zoom lens, and an image
pickup element which converts an image formed by the zoom
lens to an electric signal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A, FIG. 1B, and FIG. 1C are lens cross-sectional
views at the time of infinite object point focusing of a zoom
lens according to an example 1, where, FIG. 1A is a lens
cross-sectional view at a wide angle end, FIG. 1B is a lens
cross-sectional view in an intermediate focal length state, and
FIG. 1C is a lens cross-sectional view at a telephoto end;

FIG. 2A, FIG. 2B, and FIG. 2C are lens cross-sectional
views at the time of infinite object point focusing of a zoom
lens according to an example 2, where, FIG. 2A is a lens
cross-sectional view at a wide angle end, FIG. 2B is a lens
cross-sectional view in an intermediate focal length state, and
FIG. 2C is a lens cross-sectional view at a telephoto end;

FIG. 3A, FIG. 3B, and FIG. 3C are lens cross-sectional
views at the time of infinite object point focusing of a zoom
lens according to an example 3, where, FIG. 3A is a lens
cross-sectional view at a wide angle end, FIG. 3B is a lens
cross-sectional view in an intermediate focal length state, and
FIG. 3C is a lens cross-sectional view at a telephoto end;

FIG. 4A, FIG. 4B, and FIG. 4C are lens cross-sectional
views at the time of infinite object point focusing of a zoom
lens according to an example 4, where, FIG. 4A is a lens
cross-sectional view at a wide angle end, FIG. 4B is a lens
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cross-sectional view in an intermediate focal length state, and
FIG. 4C is a lens cross-sectional view at a telephoto end;

FIG. 5A, FIG. 5B, and FIG. 5C are lens cross-sectional
views at the time of infinite object point focusing of a zoom
lens according to an example 5, where, FIG. 5A is a lens
cross-sectional view at a wide angle end, FIG. 5B is a lens
cross-sectional view in an intermediate focal length state, and
FIG. 5C is a lens cross-sectional view at a telephoto end;

FIG. 6A, FIG. 6B, and FIG. 6C are lens cross-sectional
views at the time of infinite object point focusing of a zoom
lens according to an example 6, where, FIG. 6A is a lens
cross-sectional view at a wide angle end, FIG. 6B is a lens
cross-sectional view in an intermediate focal length state, and
FIG. 6C is a lens cross-sectional view at a telephoto end;

FIG. 7A, FIG. 7B, FIG. 7C, FIG. 7D, FIG. 7E, FIG. 7F,
FIG. 7G, FIG. 7TH, F1G. 71, F1G. 7], FIG. 7K, and FIG. 7L are
aberration diagrams at the time of infinite object point focus-
ing of the zoom lens of the example 1;

FIG. 8A, FIG. 8B, FIG. 8C, FIG. 8D, FIG. 8E, FIG. 8F,
FIG. 8G, FIG. 8H, F1G. 81, FIG. 8], FIG. 8K, and FIG. 8L are
aberration diagrams at the time of infinite object point focus-
ing of the zoom lens of the example 2;

FIG. 9A, FIG. 9B, FIG. 9C, FIG. 9D, FIG. 9E, FIG. 9F,
FIG. 9G, FIG. 9H, F1G. 91, F1G. 9], FIG. 9K, and FI1G. 9L are
aberration diagrams at the time of infinite object point focus-
ing of the zoom lens of the example 3;

FIG. 10A, FIG. 10B, FIG. 10C, FIG. 10D, FIG. 10E, FIG.
10F, FIG. 10G, FIG. 10H, FIG. 101, FIG. 10J, FIG. 10K, and
FIG. 10L are aberration diagrams at the time of infinite object
point focusing of the zoom lens of the example 4;

FIG. 11A, FIG. 11B, FIG. 11C, FIG. 11D, FIG. 11E, FIG.
11F, FIG. 11G, FIG. 11H, FIG. 111, FIG. 11, FIG. 11K, and
FIG. 11L are aberration diagrams at the time of infinite object
point focusing of the zoom lens of the example 5;

FIG. 12A, F1G. 12B, FIG. 12C, FIG. 12D, FIG. 12E, FIG.
12F, FIG. 12G, FIG. 12H, FIG. 121, FIG. 121, FIG. 12K, and
FIG. 12L are aberration diagrams at the time of infinite object
point focusing of the zoom lens of the example 6;

FIG. 13 is a diagram for explaining w,,;

FIG. 14 is a front perspective view showing an appearance
of a digital camera in which, the zoom lens in incorporated;
FIG. 15 is a rear perspective view of the digital camera;

FIG. 16 is a cross-sectional view of the digital camera; and

FIG. 17 is a block diagram of a configuration of an internal
circuit of main components of the digital camera.

DETAILED DESCRIPTION OF THE INVENTION

Anembodiment and examples of a zoom lens and an image
pickup apparatus including the zoom lens will be described
below by referring to the accompanying diagrams. However,
the present invention is not restricted to the embodiment and
the examples described below.

In the following description, a thickness means a length in
a direction in which, a light ray is incident on a zoom lens
from an object side. For instance, in a case in which, a reflect-
ing member is used in the zoom lens, the thickness of the
zoom lens is a length from a lens surface nearest to the object
side (refracting surface on the object side) up to the reflecting
member.

A zoom lens according to the embodiment includes a first
positive lens unit having a positive refractive power, a first
negative lens unit having a negative refractive power, a stop,
and a second positive lens unit having a positive refractive
power, and the first positive lens unit and the first negative
lens unit are disposed in order of the first positive lens unit and
the first negative lens unit from an object side to an image
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4

side, and the second positive lens unit is disposed on the
image side of the first negative lens unit, and the stop is
disposed between the first negative lens unit and the second
positive lens unit, and each of the first positive lens unit, the
first negative lens unit, and the second positive lens unit
includes a lens component, and at the time of zooming from
a wide angle end to a telephoto end, the first positive lens unit
is stationary, and the first negative lens unit moves toward the
image side, and comes closer to the stop, and the second
positive lens unit moves toward the object side and comes
closer to the stop, and at the time of focusing, the first positive
lens unit is stationary, and the first positive lens unit includes
a reflecting member having a reflecting surface which bends
an optical path, and a first positive lens unit object-side sys-
tem, and the first positive lens unit object-side system is
positioned on the object side of the reflecting surface, and has
a negative refractive power, and the following conditional
expressions (1), (2), and (3) are satisfied.

3.7<f (D

1.55<IDp/Dopl<2.5 )

1.75<1f5p/D5pl<2.5 ©)

where,

f, denotes a focal length of the overall zoom lens system at
the telephoto end,

f,, denotes a focal length of the overall zoom lens system at
the wide angle end,

and both f, and f,, are focal lengths when focused to an
object at infinity, and

Din=Dnzr—Dinpw D2p=Dopri~Dopr,,, Where

D, 5z, denotes a distance between the first negative lens unit
and an image plane, at the telephoto end,

Dz, denotes a distance between the first negative lens
unit and the image plane, at the wide angle end,

D, denotes a distance between the second positive lens
unit and the image plane, at the telephoto end, and

D, denotes a distance between the second positive lens
unit and the image plane, at the wide angle end, and

each of D, 7. Dy Dapps and D,y is a focal length
when focused to an object at infinity, and

f, is a focal length of the second positive lens unit, and

the lens component is a component which has two surfaces
namely an object-side surface and an image-side surface, as
refracting surfaces in contact with air.

The zoom lens according to the present embodiment
includes the first positive lens unit having a positive refractive
power, the first negative lens unit having a negative refractive
power, the stop, and the second positive lens unit having a
positive refractive power, and the first positive lens unit and
the first negative lens unit are disposed in order of the first
positive lens unit and the first negative lens unit from the
object side to the image side, and the second positive lens unit
is disposed on the image side of the first negative lens unit,
and the stop is disposed between the first negative lens unit
and the second positive lens unit.

By making such an arrangement, it is possible to slim the
thickness of the zoom lens. Moreover, such an arrangement is
advantageous for shortening the overall length of the zoom
lens, and for securing a high zooming ratio. Moreover, the
order of arrangement of the refractive power of the lens units
being positive refractive power, negative refractive power,
and positive refractive power, it becomes easy to improve
symmetry of disposition of refractive power. Moreover, such
an arrangement is appropriate for suppressing a fluctuation in
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an off-axis aberration at the time of zooming. Accordingly, it
becomes easy to secure a state in which, aberrations such as
an astigmatism and a comma aberration in particular, are
corrected favorably at the time of zooming.

Moreover, each of the first positive lens unit, the first nega-
tive lens unit, and the second positive lens unit includes a lens
component. Here, the lens component has two surfaces
namely, an object-side surface and an image-side surface, as
refracting surfaces in contact with air. A single lens and a
cemented lens are examples of the lens component. Such
lenses are formed by two surfaces namely, an object-side
surface and an image-side surface. Moreover, the reflecting
member has a surface of incidence, a reflecting surface, and a
surface of emergence, and in a case in which, at least one of
the surface of incidence and the surface of emergence is a lens
surface, such reflecting member is also included in the lens
component.

Moreover, at the time of zooming from the wide angle end
to the telephoto end, the first positive lens unit is stationary,
the first negative lens unit moves toward the image side and
comes closer to the stop, and the second positive lens unit
moves toward the object side and comes closer to the stop.

The first negative lens unit and the second positive lens unit
function as zooming lens units which move at the time of
zooming. By disposing the stop between the first negative
lens unit and the second positive lens unit, it is possible to set
apart the stop appropriately from each zooming lens unit, at
the wide angle end. As a result, both an effective aperture of
the first negative lens and an effective aperture of the second
positive lens unit are suppressed from becoming large. More-
over, since it is possible to dispose the first negative lens unit
and the second positive lens unit near the stop, at the telephoto
end, making such an arrangement is advantageous for secur-
ing sufficient zoom ratio. The stop is an aperture stop, and an
F-number of an optical system is determined by the stop.

When the abovementioned arrangement is made, since it is
possible to make each of the refractive power of the first
negative lens unit and the refractive power of the second
positive lens unit large, an entrance pupil is brought closer to
the object side. Moreover, the zooming effect is improved by
each of the first negative lens unit and the second positive lens
unit. As a result, even when an angle of view of the optical
system is widened, it is possible to make the diameter of the
first positive lens small, and it becomes easier to secure high
Zoom ratio.

Moreover, the first positive lens unit is stationary not only
at the time of zooming but also at the time of focusing. By
making such an arrangement, it is possible to reduce a load on
adrive mechanism. Furthermore, since it is possible to reduce
an entry of dust into the zoom lens and an image pickup
apparatus, it is possible to prevent the dust from adhering to
an image pickup element. Moreover, it is possible to simplify
further the layout of the optical system (lens units) in the
zoom lens. As a result, it is possible to realize the image
pickup apparatus of further smaller size.

The first positive lens unit includes a reflecting member
having a reflecting surface which bends an optical path, and a
first positive lens unit object-side system, and the first positive
lens unit object-side system is positioned on the object side of
the reflecting surface, and has a negative refractive power.

By letting the refractive power of the first positive lens unit
object-side system to be a negative refractive power, it is
possible to make the size of the reflecting member small while
securing a wide angle of view at the wide angle end. Accord-
ingly, it is possible to realize small-sizing of the first positive
lens unit.
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Moreover, with the zoom lens having the above-mentioned
arrangement, the following conditional expressions (1), (2),
and (3) are satisfied.

3.7<f (D

1.55< 1D /Dspl<2.5 @)

1.75<|fop/D5pl<2.5 3

where,

f, denotes a focal length of the overall zoom lens system at
the telephoto end,

f,, denotes a focal length of the overall zoom lens system at
the wide angle end, and

both f, and f,, are focal lengths when focused to an object at
infinity, and

Dy n=D\ gD npvw Dop=Dopr—Dopr,, Where

D, 5z, denotes a distance between the first negative lens unit
and an image plane, at the telephoto end,

Dz, denotes a distance between the first negative lens
unit and the image plane, at the wide angle end,

D,z denotes a distance between the second positive lens
unit and the image plane, at the telephoto end, and

D, x5, denotes a distance between the second positive lens
unit and the image plane, at the wide angle end, and

each of D, 7. Dy Dapps and D,y is a focal length
when focused to an object at infinity, and

f,5 is a focal length of the second positive lens unit.

Conditional expression (1) is an expression which indi-
cates the zoom ratio of the zoom lens, and which is a premise
for conditional expressions (2) and (3).

The zoom lens is expected to be capable of coping with a
variety of scenes of capturing. Here, for each scene of cap-
turing, there is an angle of view which is most appropriate for
capturing. By securing sufficient zoom ratio so as not to fall
below a lower limit of conditional expression (1), it is pos-
sible to realize a zoom lens which is capable of coping with
even larger variety of scenes of capturing.

For conditional expressions (2) and (3), a condition that the
zoom lens has a zoom ratio which is not smaller than a lower
limit value of conditional expression (1) is let to be a premise.

The conditional expression (2) is an expression which
specifies a ratio of an amount of movement of the first nega-
tive lens unit and an amount of movement of the second
positive lens unit.

By making so as not to fall below a lower limit value of
conditional expression (2), it is possible to secure the amount
of movement of the first negative lens unit sufficiently. More-
over, it is possible to move the first negative lens unit and the
second positive lens unit such that each of the first negative
lens unit and the second positive lens unit is brought closer to
the stop while suppressing the amount of movement of the
second positive lens unit from becoming large. Accordingly,
a proportion of load of zooming in the first negative lens unit
is secured appropriately, and also, the effective aperture of the
second positive lens unit, which is susceptible to become
large at the wide angle end, is made small. As a result, it is
possible to make the effective aperture of the second positive
lens unit small even when the angle of view is widened at the
wide angle end. In other words, it is possible to secure a wide
angle of view at the wide angle end while slimming the
thickness of the zoom lens and the image pickup apparatus.

By making so as not to exceed an upper limit value of
conditional expression (2), the amount of movement of the
first negative lens unit is suppressed moderately from becom-
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ing large. Accordingly, the proportion of load of zooming in
the first negative lens unit is suppressed from becoming
excessive.

Conditional expression (3) is an expression which specifies
a ratio of the focal length of the second positive lens unit and
the amount of movement of the second positive lens unit.

By suppressing the refractive power of the second positive
lens unit from becoming large so as not to fall below a lower
limit value of conditional expression (3), a proportion of load
of'zooming in the second positive lens unit is suppressed from
becoming excessive. As a result, a fluctuation in a spherical
aberration at the time of zooming is suppressed.

By securing the refractive power of the second positive lens
unit sufficiently so as not to exceed an upper limit value of
conditional expression (3), it is possible to secure sufficiently
the proportion of load of zooming in the second positive lens
unit.

Moreover, in the zoom lens according to the present
embodiment, it is preferable that the following conditional
expression (4) is satisfied.

1.55<ID, yg/Dops|<2.5 )

where,

Dins=Dins—Dinsws Daps=Daps—Dapsi,, Where

D, ys, denotes a distance between the first negative lens unit
and the stop, at the telephoto end,

D ns, denotes a distance between the first negative lens
unit and the stop, at the wide angle end,

D, ps, denotes a distance between the second positive lens
unit and the stop, at the telephoto end, and

D, s, denotes a distance between the second positive lens
unit and the stop, at the wide angle end, and

each of D, v, Dinss Dapgp and D, 5., 1s a focal length
when focused to an object at infinity.

Conditional expression (4) is an expression which specifies
apreferable ratio of an amount of change in distance between
the first negative lens unit and the stop, and an amount of
change in distance between the second positive lens unit and
the stop.

By making so as not to fall below a lower limit value of
conditional expression (4), it is possible not to let the second
positive lens unit to be separated apart excessively, at the wide
angle end. Accordingly, it is possible to realize making the
diameter of the second positive lens unit small.

By not letting the first negative lens unit to be separated
apart excessively from the stop, so as not to exceed an upper
limit value of conditional expression (4), the proportion of
load of zooming in the first negative lens unit is suppressed
from becoming excessive.

Moreover, in the zoom lens according to the present
embodiment, it is preferable that a position of the stop is fixed
at the time of zooming from the wide angle end to the tele-
photo end.

By making such an arrangement, it is possible to simplify
a drive mechanism for zooming. Moreover, it is possible to
suppress an increase in weight of the lens unit which moves.
Accordingly, it is possible to reduce load on the drive mecha-
nism.

Moreover, in the zoom lens according to the present
embodiment, it is preferable that the lens unit positioned
nearest to the first negative lens unit, out of the lens units
positioned on the image side of the first negative lens unit, is
the second positive lens unit.

By making such an arrangement, it is possible to make the
arrangement of the zoom lens to be an arrangement in which,
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no lens unit or lens is disposed between the first negative lens
unitand the second positive lens unit. As a result, it is possible
to reduce the number of lens units and lenses. Moreover, by
making such an arrangement, it is possible to achieve both of
securing sufficiently a space for movement of each of the first
negative lens unit and the second positive lens unit at the time
of zooming, and bringing each of the first negative lens unit
and the second positive lens unit closer to the stop. Moreover,
such an arrangement is advantageous for cost reduction.

Inthe zoom lens according to the present embodiment, it is
preferable that a second negative lens unit having a negative
refractive power is disposed on the image side of the second
positive lens unit, and a third positive lens unit having a
positive refractive power is disposed on the image side of the
second negative lens unit, and at the time of zooming from the
wide angle end to the telephoto end, a distance between the
second positive lens unit and the second negative lens unit
changes, and a distance between the second negative lens unit
and the third positive lens unit changes.

By disposing the second negative lens unit on the image
side of the second positive lens unit, it is possible to refract an
off-axis light beam in a direction separating away from the
optical axis, in the second negative lens unit. Moreover, by
disposing the third positive lens unit on the image side of the
second negative lens unit, it is possible to refract an off-axis
light beam in a direction along the optical axis in the third
positive lens unit. By making such an arrangement, it is
possible to realize small-sizing of an optical system from the
first positive lens unit up to the second negative lens unit.

Moreover, by making such an arrangement, the symmetry
of disposition of refractive power inside the zoom lens
improves. As aresult, a fluctuation in off-axis aberration at the
time of zooming is suppressed. It is possible to maintain a
state in which, the astigmatism, the coma, and a distortion are
corrected favorably at the time of zooming. Therefore, such
disposition becomes all the more advantageous for widening
the angle of view. Moreover, such disposition of refractive
power enhances an effect such as of a telephoto type in the
vicinity of the telephoto end. Therefore, such disposition
becomes advantageous for shortening the overall length of
the zoom lens.

Moreover, a high zooming effect is imparted to the second
positive lens unit, similarly as the first negative lens unit.
Consequently, a function of reducing a strong converging
effect due to the second positive lens unit over the entire
zooming area, and a function of relaying an image to an image
plane side are imparted to the second negative lens unit.
Moreover, it is possible to secure appropriately the zooming
effect by the second positive lens unit and the second negative
lens unit. Such disposition becomes advantageous for having
ahigh zoom ratio, and making a diameter of a lens positioned
on the image side of the second positive lens unit small.

Moreover, as the negative refractive power of the first posi-
tive lens unit object-side system becomes large, since a nega-
tive distortion which occurs in the first positive lens unit
object-side system becomes large, it is preferable to reduce
the negative distortion. Therefore, by disposing the second
negative lens unit on the image side of the stop, it is possible
to secure the negative refractive power of appropriate magni-
tude in the second negative lens unit. Therefore, such dispo-
sition becomes advantageous for reduction of negative dis-
tortion which occurs in the first positive lens unit object-side
system.

Moreover, the third positive lens unit is positioned on the
image-plane side of the second negative lens unit. Since the
third positive lens unit has a positive refractive power, the
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third positive lens unit is capable of contributing to secure a
favorable flatness of an image plane.

The third positive lens unit has a function of keeping an exit
pupil away from an image pickup surface ofthe image pickup
element. Moreover, as a shading, a shading due to character-
istics of the image pickup element, and a chromatic shading
are available, and by disposing the third positive lens unit,
occurrence of such shading is suppressed.

By the second negative lens unit having a negative refrac-
tive power being disposed on the image side of the second
positive lens unit, and the third positive lens unit having a
positive refractive power being disposed on the image side of
the second negative lens unit, it is possible to reduce an angle
of incidence of a light ray incident on the image pickup
surface of the image pickup element (to make an angle made
by the optical axis and the light ray small).

Due to the effect of the second negative lens unit and the
third positive lens unit, it is possible to secure a stable flatness
of'the image plane over the entire zooming area while having
a high zoom ratio. Moreover, the second negative lens unit
and the third positive lens unit, being separated away from the
stop with respect to the second positive lens unit, are posi-
tioned near the image plane. Therefore, positioning of the
second negative lens unit and the third positive lens unit
hardly worsens the spherical aberration and the coma.

Because of the effect each of the second negative lens unit
and the third positive lens unit has, it is possible to form each
of'the second negative lens unit and the third positive lens unit
by a small number oflenses. In this case, it is possible to make
the lens units light-weight. Therefore, in a case of moving the
second negative lens unit and the third positive lens unit, a
high-speed and stable movement of a lens unit becomes pos-
sible.

Moreover, in the zoom lens according to the present
embodiment, it is preferable that the second negative lens unit
moves at the time of focusing.

The second negative lens unit is a lens unit which can be
made light-weight easily. Therefore, by letting the second
negative lens unit to be a lens unit which moves at the time of
focusing, it is possible to reduce load, such as a consumption
of electric power, of the drive mechanism at the time of
focusing. Moreover, since it is possible to make a drive noise
which is generated from the drive mechanism at the time of
focusing small, making such an arrangement becomes advan-
tageous for reduction of noise at the time video shooting.

Moreover, as the lens unit is moved, a size of an image on
the image pickup surface changes. By moving the second
negative lens unit at the time of focusing, a fluctuation in the
size of the image is suppressed.

Moreover, as aforementioned, the second negative lens
unit and the third positive lens unit have characteristics such
as of being capable of securing stable flatness of the image
plane over the entire zooming area even while having a high
zoom ratio, hardly worsening the spherical aberration and the
coma, and including small number of lenses. Therefore, in a
case of moving a lens unit with a purpose other than of
zooming, taking into consideration an effect of the lens unit
and an effect on aberration fluctuation, it is preferable to move
the second negative lens unit. By doing so, it is possible to
secure optical performance with small aberration fluctuation
at the time of focusing. Particularly, it becomes easy to secure
the optical performance at a close distance, such as the fluc-
tuation in the spherical aberration and the coma is small.

Moreover, in the zoom lens according to the present
embodiment, it is preferable that a position of the second
negative lens unit at the telephoto end is more toward the
second positive lens unit than a position of the second nega-
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tive lens unit at the wide angle end, and the third positive lens
unit is stationary at the time of zooming from the wide angle
end to the telephoto end.

By making such an arrangement, a fluctuation in a curva-
ture of field is suppressed. Moreover, by letting the third
positive lens unit to be stationary, since it is possible to reduce
dust entering into the image pickup apparatus, it is possible to
prevent the dust from being deposited on the image pickup
element.

Moreover, it is preferable that the zoom lens according to
the present embodiment is a five unit zoom lens which
includes in order from the object side to the image side, the
first positive lens unit, the first negative lens unit, the second
positive lens unit, the stop, the second negative lens unit, and
the third positive lens unit.

Making such an arrangement is advantageous for small-
sizing and improvement in performance of the zoom lens.

Moreover, in the zoom lens according to the present
embodiment, it is preferable that the first positive lens unit
includes in order from the object side, a negative lens com-
ponent, the reflecting member, and a positive lens component,
and the negative lens component is the first positive lens unit
object-side system, and in the negative lens component, the
shape of the image-side surface is a concave shape, and the
positive lens component is a first positive lens unit image-side
system, and the first positive lens unit image-side system is
positioned on the image side of the reflecting surface, and in
the positive lens component, both the shape of the object-side
surface and the shape of the image-side surface are convex
shapes, and the reflecting member is made of a prism.

By making such an arrangement, it is possible to secure a
wide angle of view and to make the first positive lens unit
small.

Disposing the negative lens component (the first positive
lens unit object-side system) on the object side is advanta-
geous for securing a wide angle of view at the wide angle end.
Moreover, by disposing the positive lens component on the
image side, it is possible to secure a positive refractive power
of appropriate magnitude in the first positive lens unit.
According to such an arrangement, it is possible to make a
space for disposing the prism (reflecting member) small.

For widening the angle of view of the optical system and
bending the optical path in the first positive lens unit, it is
necessary to secure an optical length required for bending the
optical path, between the negative lens component and the
positive lens component. For this, it is preferable to make the
negative refractive power of the negative lens component
large as well as to make the positive refractive power of the
positive lens component large.

Here, as the reflecting surface, a reflecting surface in a state
of making contact with air, and a reflecting surface provided
to the prism are available. In a state of the reflecting surface
making contact with air, a distance between the negative lens
component and the positive lens component becomes wider
as compared to the distance in a case in which the reflecting
surface is provided to the prism. Therefore, in the state of the
reflecting surface making contact with air, it is necessary to
make the refractive power of the negative lens component and
the refractive power of the positive lens component larger as
compared to the refractive power in the case in which, the
reflecting surface is provided to the prism.

As aforementioned, making the negative refractive power
of the negative lens component large is favorable for widen-
ing the angle of view, and making the positive refractive
power of the positive lens component large is favorable for
securing an appropriate positive refractive power in the first
positive lens unit. However, when each of the refractive
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power of the negative lens component and the refractive
power of the positive lens component becomes large, the
astigmatism and a chromatic aberration of magnification
become large in each of the negative lens component and the
positive lens component. In this case, it is possible to cancel
(to correct) each aberration to a certain degree in the negative
lens component and the positive lens component.

When the refractive power of the negative lens component
and the refractive power of the positive lens component
become further larger, it becomes difficult to cancel the astig-
matism and the chromatic aberration of magnification in each
of the negative lens component and the positive lens compo-
nent. Therefore, the astigmatism and the chromatic aberration
of magnification in the vicinity of the wide angle end are
susceptible to remain. Moreover, when the negative refractive
power of the negative lens component is made large, the
chromatic aberration of magnification of the negative lens
component in the vicinity of the telephoto end becomes large.
Here, since the chromatic aberration of magnification has an
effect on an amount of a longitudinal chromatic aberration, it
is preferable to carry out aberration correction while taking
into consideration the effect on the longitudinal chromatic
aberration (balance with the longitudinal chromatic aberra-
tion). However, in the state of the reflecting surface making
contact with air, correction of these aberrations becomes dif-
ficult.

Therefore, the reflecting member is disposed between the
negative lens component and the positive lens component,
and the reflecting surface is let to be the prism. By making
such an arrangement, it is possible to reduce the occurrence of
the astigmatism and the chromatic aberration of magnifica-
tion in the vicinity of the wide angle end, in the negative lens
component, while securing the optical path length necessary
for bending the optical path.

Moreover, by using the prism, it is possible to cause the
longitudinal chromatic aberration in the vicinity of the tele-
photo end to occur on a negative side. Therefore, even if the
longitudinal chromatic aberration remains after the correc-
tion of the chromatic aberration of magnification is carried
out in the negative lens component and the positive lens
component, correction of the longitudinal chromatic aberra-
tion remained is possible by using the negative longitudinal
chromatic aberration occurring in the prism.

It is preferable that no lens (lens unit) has been disposed on
the object side of the negative lens component. When such an
arrangement is made, even if the prism is disposed in the first
positive lens unit, it is possible to slim further the thickness of
the zoom lens and the image pickup apparatus.

Moreover, in the zoom lens according to the present
embodiment, it is preferable that the first positive lens unit
satisfies the following conditional expression (5).

0.5<D, p1pp/f17<1.0

where,

D, o1 pp denotes a distance along an optical axis between
the negative lens component in the first positive lens unit and
the positive lens component in the first positive lens unit, and

f, » denotes a focal length of the first positive lens unit.

By making so as not to fall below a lower limit value of
conditional expression (5), it is possible to secure a space for
disposing the reflecting member. By making so as not to
exceed an upper limit value of conditional expression (5), it
becomes easy to reduce various aberrations.

Moreover, in the zoom lens according to the present
embodiment, it is preferable that both the object-side surface
and the image-side surface of the positive lens component in
the first positive lens unit are aspheric surfaces.
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Ifthe positive refractive power of the first positive lens unit
is made large, the spherical aberration and the coma are
susceptible to occur. Therefore, by making such an arrange-
ment, it is possible to reduce an amount of the spherical
aberration and coma which occur.

Moreover, in the zoom lens according to the present
embodiment, it is preferable that the first negative lens unit
includes a negative lens component which is disposed nearest
to the object side, and a positive lens component which is
disposed nearest to the image side, and in the negative lens
component disposed nearest to the object side in the first
negative lens unit, both a shape of the object-side surface and
a shape of the image-side surface are concave surfaces.

By making such an arrangement, principal points of the
first negative lens unit are brought closer to the first positive
lens unit. Accordingly, it is possible to secure a zooming
function in the first negative lens unit easily. Moreover, mak-
ing such an arrangement becomes advantageous for correc-
tion of various aberrations such as a chromatic aberration.

When each of the negative refractive power of the negative
lens component in the first positive lens unit and the positive
refractive power of the positive lens component in the first
positive lens unit are made large, thereby widening the angle
of view of the optical system, light with a large angle of
incidence is incident on the zoom lens. As the light with large
angle ofincidence is incident on the zoom lens, when the light
with the large angle of incidence is emerged from the first
positive lens unit in the vicinity of the wide angle end, angle
made by the light emerged with respect to the optical axis
becomes extremely large. Therefore, it is preferable to dis-
pose the negative lens component nearest to the object side in
the first negative lens unit. Accordingly, it is possible to make
the angle of emergence of the light emerged small. Making
such an arrangement is advantageous for making a diameter
of the lens units which are on the image side of the first
negative lens unit small.

Furthermore, it is preferable to dispose a positive lens
component at a distance, on the image side of the negative
lens unit, in the first negative lens unit. When such an arrange-
ment is made, in a case in which, an aspheric surface is used,
it is possible to show even more favorable correction effect. It
is preferable to dispose the positive lens component nearest to
the image side.

Inthe zoom lens according to the present embodiment, it is
preferable that both the object-side surface and the image-
side surface of the negative lens component disposed nearest
to the object side in the first negative lens unit are aspheric
surfaces, and the image-side surface of the positive lens com-
ponent disposed nearest to the image side in the first negative
lens unit is an aspheric surface.

Making such an arrangement is advantageous for correc-
tion of both the off-axis aberration at the wide angle side and
the spherical aberration at the telephoto side. In the first
negative lens unit, a light beam is narrowed at the telephoto
end, and a light beam is widened at the wide angle end.
Therefore, out of the lens surfaces of the first negative lens
unit, lens surfaces through which, the light beam passes
through a position away from the optical axis, or in other
words, both surfaces ofthe negative lens component disposed
nearest to the object side are to be let to be aspheric surfaces.
Moreover, these aspheric surfaces are to be used for correc-
tion of the longitudinal aberration at the wide angle side. By
doing so, a function of correcting aberration is improved in
the first negative lens unit.

For making light with a large angle of incidence to be
incident on the zoom lens, it is preferable to make the negative
refractive power of the negative lens component disposed
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nearest to the object side in the first negative lens unit large.
However, if the negative refractive power of the negative lens
component is made large, mainly, positive spherical aberra-
tionis susceptible to occur in the vicinity of the telephoto end,
and the curvature of field is susceptible to occur in the vicinity
of the wide angle end. Therefore, by using the aspheric sur-
face for both surfaces (the object-side surface and the image-
side surface) of the negative lens component, the occurrence
of the spherical aberration and the curvature of field, is sup-
pressed.

Moreover, in the zoom lens according to the present
embodiment, it is preferable that the positive lens component
disposed nearest to the image side in the first negative lens
unit is a single lens, and the single lens satisfies the following
conditional expression (6).

Vinp<29

Q)

where,

v, v denotes Abbe’s number for a d-line of the single lens.

If conditional expression (6) is satisfied, a glass material to
be used for the single lens is a material for which, Abbe’s
number is small. Therefore, by cancelling (reducing) the
chromatic aberration of the first negative lens unit using the
single lens, it is possible to reduce the chromatic aberration of
the first negative lens unit.

Moreover, in the zoom lens according to the present
embodiment, it is preferable that the positive lens component
disposed nearest to the image side in the first negative lens
unit is a cemented lens, and the cemented lens includes in
order from the object side, a biconvex positive lens and a
negative meniscus lens.

By making such an arrangement, it is possible to correct the
coma and the chromatic aberration favorably.

Moreover, in the zoom lens according to the present
embodiment, it is preferable that the second positive lens unit
includes in order from the object side, a positive lens compo-
nent and a cemented lens, and in the positive lens component
of'the second positive lens unit, both a shape of the object-side
surface and a shape of the image-side surface are convex
shapes, and the cemented lens in the second positive lens unit
includes in order from the object side, a negative lens having
aconcave surface directed toward the image side, and a bicon-
vex positive lens.

A diverged axial light beam is incident on the second
positive lens unit. Therefore, the axial light beam is converged
by disposing the positive lens component on the object side in
the second positive lens unit. By doing so, it is possible to
make the diameter of the second positive lens unit small.
Moreover, the cemented lens is disposed on the image side of
the positive lens component, and the cemented lens includes
the negative lens and the biconvex positive lens. By making
such an arrangement, it is possible to reduce occurrence of the
chromatic aberration and other aberrations in the second posi-
tive lens unit.

Moreover, in the zoom lens according to the present
embodiment, it is preferable that both the object-side surface
and the image-side surface of the positive lens component in
the second positive lens unit are aspheric surfaces.

By making such an arrangement, it is possible to correct the
spherical aberration, and the coma at the wide angle end.

Moreover, in the zoom lens according to the present
embodiment, it is preferable that the second negative lens unit
includes one negative lens component, and in the negative
lens component of the second negative lens unit, a shape of
the image-side surface is a concave shape.
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By making such an arrangement, the cost reduction and
small-sizing of the zoom lens and the image pickup apparatus
are possible.

In the second negative lens unit, even in a case in which,
functions such as a relay of an image, small-sizing, and aber-
ration correction, it is possible to form the second negative
lens unit by one negative lens. In this case, it is desirable to
make the chromatic aberration which occurs in the second
negative lens unit small.

Moreover, in the zoom lens according to the present
embodiment, it is preferable that the third positive lens unit
includes one positive lens component, and in the positive lens
component in the third positive lens unit, both a shape of the
object-side surface and a shape of the image-side surface are
convex shapes.

By making such an arrangement, the cost reduction and
small-sizing of the zoom lens and the image pickup apparatus
are possible.

Moreover, in the zoom lens according to the present
embodiment, it is preferable that both the object-side surface
and the image-side surface of the positive lens component in
the third positive lens unit are aspheric surfaces.

By making such an arrangement, it is possible to correct
mainly the off-axis aberration favorably.

Inthe zoom lens according to the present embodiment, it is
preferable that the first positive lens unit includes a first posi-
tive lens unit image-side system which is positioned on the
image side of the reflecting surface, and the following condi-
tional expression (7) is satisfied.

4.5, pIxf1p/IH2<T.5 @)

where,

f, », denotes a focal length of the first positive lens unit
object-side system,

f,»; denotes a focal length of the first positive lens unit
image-side system, and

1H, denotes the maximum image height when focused to an
object at infinity, at the telephoto end.

For securing the wide angle of view at the wide angle end,
it is necessary to secure an incidence of light having a large
angle of incidence on the zoom lens. Moreover, shortening
the overall length of the zoom lens while maintaining a high
zoom ratio is desirable for the zoom lens. Furthermore, short-
ening of the overall length of the zoom lens is favorable also
for slimming of the image pickup apparatus.

For realizing the widening of the angle of view, achieving
a high zooming ratio, and shortening the overall length of
such zoom lens, it is preferable to make the negative refractive
power of the first positive lens unit object-side system large,
as well as to make the positive refractive power of the first
positive lens unit large. Here, if the positive refractive power
of the first positive lens unit is made large, at the telephoto
end, the optical arrangement of the overall zoom lens
becomes an arrangement such as of a telephoto type. As a
result, an effect of shortening the overall length of the zoom
lens is improved. Therefore, itis preferable to improve further
the effect of shortening the overall length of the zoom lens by
making the positive refractive power of the first positive lens
unit large. Conditional expression (7) is a condition which is
preferable for maintaining the favorable optical performance
while improving the effect of shortening the overall length of
the zoom lens.

By making so as not to fall below a lower limit value of
conditional expression (7), it is possible to reduce the chro-
matic aberration of magnification and the astigmatism in the
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vicinity of the wide angle end in each of the first positive lens
unit object-side system and the first positive lens unit image-
side system even if the overall length of the zoom lens is
shortened. Particularly, it is possible to reduce the chromatic
aberration of magnification and the astigmatism in the vicin-
ity of the wide angle end. Moreover, since the chromatic
aberration of magnification is suppressed from becoming
large rapidly in a peripheral portion of an image field, it
becomes easy to achieve an image in which, chromatic blur-
ring is reduced.

Moreover, in the vicinity of the telephoto end, various
aberrations, to be more precise, the negative spherical aber-
ration, the negative astigmatism, and the positive distortion
are susceptible to occur. Therefore, by making so as notto fall
below the lower limit value of conditional expression (7), the
occurrence of aberrations is suppressed. Moreover, since the
spherical aberration is suppressed from becoming negative
substantially in the vicinity of the telephoto end, it is possible
to improve performance in the vicinity of the center of the
image. It becomes easy to suppress the occurrence of the
positive distortion.

By making so as not to exceed an upper limit value of
conditional expression (7), itis possible to shorten the overall
length of the zoom lens upon securing the high zoom ratio and
the positive refractive power of appropriate magnitude in the
first positive lens unit. Moreover, since it is possible to make
the negative refractive power of the first positive lens unit
object-side system large, it is possible to secure a wide angle
of view at the wide angle end, and it is possible to make the
space for disposing the reflecting member small, thereby
making small-sizing of the overall image pickup apparatus
possible.

Moreover, in the zoom lens according to the present
embodiment, it is preferable that the reflecting member is a
prism, and the following conditional expressions (8) and (9)
are satisfied.

0.7stan w,,~(L,,/L,,)s1.3 (®)

3.5<DT/(f,p,/IH)<16 ©)

where,

w,, denotes the maximum half angle of view when focused
to an object at infinity, at the wide angle end,

L,,; denotes a total length of the prism along an optical axis,
and the total length of the prism is a distance from an optical
surface of the prism on the object side of the reflecting sur-
face, up to an optical surface of the prism on the image side of
the reflecting surface,

L,, denotes a distance which added an air-converted back-
focus length to a total length of the overall zoom lens system
along the optical axis, and is a distance when focused to an
object at infinity, at the wide angle end, and the total length of
the overall zoom lens system is a distance from a lens surface
nearest to the object side of the zoom lens, up to a lens surface
nearest to the image-side surface of the zoom lens, and

DI=(IH,,~f,xtan w,,)/(f,,xtan ®,,)x100, and the unit is
percentage, and

f, », denotes a focal length of the first positive lens object-
side system,

TH, denotes the maximum image height when focused to an
object at infinity, at the telephoto end,

IH,, denotes the maximum image height when focused to
an object at infinity, at the wide angle end, and

f,, denotes a focal length of the overall zoom lens system
when focused to an object at infinity, at the wide angle end.
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By using a prism for the reflecting member, the longitudi-
nal chromatic aberration is made to occur on the negative side
in the vicinity of the telephoto end. Therefore, even if the
longitudinal chromatic aberration remains after carrying out
correction of the chromatic aberration of magnification in the
first positive lens unit object-side system and the first positive
lens unit image-side system, it is possible to correct the lon-
gitudinal chromatic aberration remained, by using the nega-
tive longitudinal chromatic aberration occurring in the prism.

Conditional expression (8) is a conditional expression
which is favorable for accommodating an amount of negative
longitudinal chromatic aberration in the vicinity of the tele-
photo end occurred in the prism, an amount of astigmatism
and longitudinal chromatic aberration occurred in the vicinity
of'the wide angle end, and an amount of distortion occurred in
an acceptable range, while securing a high zoom ratio.

By suppressing the overall length of the prism with respect
to the angle of view from becoming long so as not to fall
below a lower limit value of conditional expression (8), it is
possible to make an appropriate amount of the longitudinal
chromatic aberration occur in the prism. Accordingly, it is
possible to reduce the longitudinal chromatic aberration in
the vicinity of the telephoto end. Moreover, since it is possible
to make a distance between the first positive lens unit object-
side system and the first positive lens unit image-side system,
and the refractive power of each of the first positive lens unit
object-side system and the first positive lens unit image-side
system appropriate, it is possible to carry out aberration cor-
rection effectively. By making so as not to exceed an upper
limit value of conditional expression (8), it is possible to
reduce the distortion.

Moreover, there is a peculiarity that the distortion becomes
large in proportion to cube of the angle of view, and the
astigmatism becomes large in proportion to square of the
angle of view. Making the negative distortion large in the
vicinity of the wide angle end, or in other words, allowing the
negative distortion to occur to some extent is advantageous
for securing the flatness of image plane at the time of widen-
ing the angle of view. In this case, by making the amount of
distortion occurring in the first positive lens unit object-side
system an appropriate amount (within a permissible range),
the negative aberration amount of the longitudinal chromatic
aberration in the vicinity of the telephoto end is let to be an
appropriate amount, and moreover, it is possible to correct
favorably the astigmatism and the chromatic aberration of
magnification in the vicinity of the wide angle end. Moreover,
as the negative refractive power of the first positive lens unit
object-side system is made larger gradually, it leads to wid-
ening of the angle of view and small-sizing of the reflecting
member, and conditional expression (9) is an expression in
which, this feature is specified. By satistying conditional
expression (9), it is possible to achieve both, the realization of
improved optical performance, and small sizing.

By making so as not to fall below a lower limit value of
conditional expression (9), it is possible to secure appropri-
ately (within a permissible range) the amount of negative
distortion that occurs in the first positive lens unit object-side
system. Therefore, it is possible to carry out small-sizing of
the reflecting member.

By making so as not to exceed an upper limit value of
conditional expression (9), the amount of negative distortion
occurring in the first positive lens unit object-side system is
suppressed from becoming excessive, and also, it is possible
to correct favorably the astigmatism that occurs in the first
positive lens unit object-side system. Moreover, even in a case
in which, electrical distortion correction has been carried out,
degradation of resolving power is suppressed.
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Moreover, in the zoom lens according to the present
embodiment, it is preferable that the following conditional
expressions (10) and (11) are satisfied.

4.2 1(f, p TH )X (f, /I )/tan o, 1<11.6 10)

5.6=1(fLpo/fi) % (f1p/lf) 1s11.5

where,

f, », denotes a focal length of the first positive lens unit
object-side system,

f, » denotes a focal length of the first positive lens unit,

TH, denotes the maximum image height when focused to an
object at infinity, at the telephoto end,

m,, denotes the maximum half angle of view when focused
to an object at infinity, at the wide angle end, and

f,, denotes a focal length of the overall zoom lens system
when focused to an object at infinity, at the wide angle end.

As aforementioned, for realizing the widening of angle of
view, it is preferable to make the negative refractive power of
the first positive lens unit object-side system large. Moreover,
for achieving high zoom ratio and shortening of the overall
length, it is preferable to make the positive refractive power of
the first positive lens unit large, and to make an arrangement
such that the optical arrangement of the overall zoom lens is
an arrangement such as of a telephoto type, at the telephoto
end.

Moreover, as the angle of view becomes wider gradually,
the negative refractive power of the first positive lens unit
object-side system becomes larger. Therefore, it is preferable
to carry out correction of the astigmatism and the chromatic
aberration of magnification that occurs in the first positive
lens unit object-side system. Consequently, setting appropri-
ately the balance of the refractive power of the first positive
lens unit object-side system and the refractive power of the
first positive lens unit with respect to the angle of view is
advantageous for achieving both, the realization of the
improved optical performance and small-sizing.

Conditional expression (10) and (11) signify that both the
refractive power of the first positive lens unit object-side
system and the refractive power of the first positive lens unit
are to be made large.

By making so as not fall below a lower limit value of
conditional expression (10) and a lower limit value of condi-
tional expression (11), the refractive power of the first posi-
tive lens unit is suppressed from becoming excessively large,
an also it is possible to reduce the occurrence of the astigma-
tism and the chromatic aberration of magnification in each of
the first positive lens unit object-side system and the first
positive lens unit image-side system. It is possible to reduce
the astigmatism and the chromatic aberration of magnifica-
tion particularly in the vicinity of the wide angle end. More-
over, since the chromatic aberration of magnification is sup-
pressed from becoming large rapidly in the peripheral portion
of the image field, it becomes easy to achieve an image in
which, chromatic blurring is reduced.

By making so as not to fall below the lower limit value of
conditional expression (10) and the lower limit value of con-
ditional expression (11), various aberrations, to be precise,
the negative spherical aberration, the negative astigmatism,
and the positive distortion, which occur in the first positive
lens unit image-side system in the vicinity of the telephoto
end, are suppressed from being corrected excessively. More-
over, since the spherical aberration is suppressed from
becoming negative substantially in the vicinity of the tele-
photo end, it is possible to improve the performance in the
vicinity of the center of the image. Also, it becomes easy to
suppress the occurrence of the positive distortion.

an
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By making so as not to exceed an upper limit value of
conditional expression (10) and an upper limit value of con-
ditional expression (11), it is possible to secure the positive
refractive power of an appropriate magnitude in the first posi-
tive lens unit, and to shorten the overall length of the zoom
lens in addition to securing high zoom ratio. Since it is pos-
sible to make the negative refractive power of the first positive
lens unit object-side system large, it is possible to secure a
wide angle of view at the wide angle end, and to make the
space for disposing the reflecting member small, thereby
making small-sizing of the overall image pickup apparatus
possible.

Inthe zoom lens according to the present embodiment, it is
preferable that the following conditional expression (12) is
satisfied.

1.0=1(f, p/IH)/(tan o,,)%1<3.7 (12)

where,

f, 5, denotes a focal length of the first positive lens unit
object-side system,

1H, denotes the maximum image height when focused to an
object at infinity at the telephoto end, and

m,, denotes the maximum angle of view when focused to an
object at infinity at the wide angle end.

Conditional expression (12) is a preferable condition for
securing a wide angle of view, and to achieve a favorable
optical performance with a high zoom ratio and a small size.

By making so as not to fall below a lower limit value of
conditional expression (12), the negative refractive power of
the first positive lens unit object-side system is suppressed
from becoming excessively large. In this case, since a large
negative distortion is suppressed from occurring in the first
positive lens unit object-side system, it becomes easy to carry
out correction of distortion in other lenses. Moreover, by
making the distortion that remains small, degradation of
resolving power is suppressed even in a case in which, elec-
trical distortion correction has been carried out.

By making so as not to exceed an upper limit of conditional
expression (12), for the first positive lens unit object-side
system, it is possible to secure the negative refractive power
of appropriate magnitude. Therefore, it is possible to widen
the angle of view. Moreover, the negative refractive power of
the overall zoom lens is shared also by the first negative lens
unit. Therefore, since an increase in the share of the negative
refractive power (the negative refractive power becoming
excessively large) of the first negative lens unit due to the
widening of the angle of view can be suppressed if the nega-
tive refractive power can be made an appropriate magnitude
in the first positive lens unit object-side system, it is possible
to achieve both, the shortening of the overall length of the
zoom lens and a high zoom ratio. Moreover, by reducing the
share of the negative refractive power of the first negative lens
unit, since it becomes easy to reduce tilting of an image plane
due to decentering of the first negative lens unit, it becomes
easy to achieve a stable optical system.

Moreover, in the zoom lens according to the present
embodiment, it is preferable that the reflecting member is a
prism, and the following conditional expression (13) is satis-
fied.

1.5=(L, /IH)X(f,/TH,)/tan »,<2.8 (13)

where,

L, denotes a total length of the prism along an optical axis,
and the total length of the prism is a distance from an optical
surface of the prism on the object side of the reflecting sur-
face, up to an optical surface of the prism on the image side of
the reflecting surface,
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TH, denotes the maximum image height when focused to an
object at infinity, at the telephoto end,

f,, denotes a focal length of the overall zoom lens system
when focused to an object at infinity, at the wide angle end,
and

w,, denotes the maximum half angle of view when focused
to an object at infinity, at the wide angle end.

By making so as not to fall below a lower limit value of
conditional expression (13), the refractive power of the lens
system on the object side of the stop (refractive power of the
first positive lens unit object-side system and refractive power
of the first negative lens unit) is suppressed from becoming
large at the wide angle end, and it is possible to reduce the
negative distortion, and to shorten the overall length of the
zoom lens. Moreover, by reduction of the negative distortion,
the degradation of'the resolving power in a case in which, the
correction of distortion has been carried out electrically, is
suppressed.

By making so as not to exceed an upper limit value of
conditional expression (13), it is possible to make an optical
path length inside the prism short, and to slim the thickness of
the prism.

Moreover, in the zoom lens according to the present
embodiment, it is preferable that the following conditional
expression (14) is satisfied.

1.2s|f,p/IH,|<3.6 14)

where,

f, », denotes a focal length of the first positive lens unit
object-side system, and

TH, denotes the maximum image height when focused to an
object at infinity, at the telephoto end.

Furthermore, setting appropriately the magnitude of the
refractive power of the first positive lens unit object-side
system becomes advantageous for widening the angle of
view. Conditional expression (14) is a conditional expression
to set appropriately the magnitude of the refractive power of
the first positive lens unit object-side system.

By making so as not to fall below a lower limit value of
conditional expression (14), the negative distortion is sup-
pressed from occurring substantially when the optical system
is subjected to the widening of the angle of view.

By making so as not to exceed an upper limit value of
conditional expression (14), it is possible to secure a wide
angle of view. Or, since it becomes easy to suppress the
negative refractive power of the first negative lens unit to a
suitable magnitude, it becomes easy to correct favorably the
curvature of field over the entire zooming area even when the
zoom ratio is made high.

Moreover, in the zoom lens according to the present
embodiment, it is preferable that the following conditional
expression (15) is satisfied.

,,=42°

15

where

m,, denotes the maximum half angle of view when focused
to an object at infinity at the wide angle end.

By satistying the conditional expression (15), it is possible
to secure a wide angle of view sufficiently at the wide angle
end. Accordingly, wide-angle capturing in a narrow space
becomes possible.

Moreover, the image pickup apparatus according to the
present embodiment includes the abovementioned zoom lens,
and an image pickup element which converts an image
formed by the zoom lens to an electric image.

It is possible to realize an image pickup apparatus which is
capable of coping with scenes of capturing of wider range.
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It is more preferable that each of the above-mentioned
arrangement satisfies the plurality of arrangements and con-
ditional expressions simultaneously. Moreover, a rectangular
prism can be used for the prism.

In each of the abovementioned conditional expressions, by
restricting either of the lower limit value and the upper limit
value, or both the lower limit value and the upper limit value,
that function can be realized more assuredly, and therefore it
is favorable.

For conditional expression (1), it is more preferable to let
the lower limit value to be 4.1, and 4.7 is even more prefer-
able. Moreover, it is preferable to set an upper limit value, and
to let the upper limit value to be 20. By making so as not to
exceed the upper limit value, it becomes easy to reduce an
aberration over the entire zooming area. Furthermore, it is
more preferable to let the upper limit value to be 10, and 7 is
even more preferable. Making such an arrangement is advan-
tageous for achieving both the small-sizing and improved
performance of the zoom lens.

For conditional expression (2), it is more preferable to let
the lower limit value to be 1.65, and 1.69 is even more pref-
erable.

Moreover, for conditional expression (2), it is more pref-
erable to let the upper limit value to be 2.4, and 2.3 is even
more preferable.

For conditional expression (3), it is more preferable to let
the lower limit value to be 1.8.

Moreover, for conditional expression (3), it is more pref-
erable to let the upper limit value to be 2.3, and 2.2 is even
more preferable.

For conditional expression (4), it is more preferable to let
the lower limit value to be 1.65, and 1.69 is even more pref-
erable.

Moreover, for conditional expression (4), it is more pref-
erable to let the upper limit value to be 2.4, and 2.3 is even
more preferable.

For conditional expression (5), it is more preferable to let
the lower limit value to be 0.66, and 0.76 is even more pref-
erable.

Moreover, for conditional expression (5), it is more pref-
erable to let the upper limit value to be 0.92, and 0.86 is even
more preferable.

For conditional expression (6), it is more preferable to let
the upper limit value to be 27, and 25 is even more preferable.

For conditional expression (7), it is more preferable to let
the lower limit value to be 5.3, and 5.8 is even more prefer-
able.

Moreover, for conditional expression (7), it is more pref-
erable to let the upper limit value to be 7.1, and 6.8 is even
more preferable.

For conditional expression (8), it is more preferable to let
the lower limit value to be 0.78, and 0.83 is even more pref-
erable.

Moreover, for conditional expression (8), it is more pref-
erable to let the upper limit value to be 1.1, and 0.88 is even
more preferable.

For conditional expression (9), it is more preferable to let
the lower limit value to be 5.5, and 6.0 is even more prefer-
able.

Moreover, for conditional expression (9), it is more pref-
erable to let the upper limit value to be 10.0, and 7.0 is even
more preferable.

For conditional expression (10), it is more preferable to let
the lower limit value to be 5.4, and 7.4 is even more prefer-
able.
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Moreover, for conditional expression (10), it is more pref-
erable to let the upper limit value to be 10.0, and 9.2 is even
more preferable.

For conditional expression (11), it is more preferable to let
the lower limit value to be 6.6, and 7.6 is even more prefer-
able.

Moreover, for conditional expression (11), it is more pref-
erable to let the upper limit value to be 10.0, and 9.0 is even
more preferable.

For conditional expression (12), it is more preferable to let
the lower limit value to be 1.9, and 2.3 is even more prefer-
able.

Moreover, for conditional expression (12), it is more pref-
erable to let the upper limit value to be 3.2, and 2.7 is even
more preferable.

For conditional expression (13), it is more preferable to let
the lower limit value to be 1.8, and 2.0 is even more prefer-
able.

Moreover, for conditional expression (13), it is more pref-
erable to let the upper limit value to be 2.4, and 2.2 is even
more preferable.

For conditional expression (14), it is more preferable to let
the lower limit value to be 1.8, and 2.4 is even more prefer-
able.

Moreover, for conditional expression (14), it is more pref-
erable to let the upper limit value to be 3.0, and 2.7 is even
more preferable.

For conditional expression (15), it is more preferable to let
the lower limit value to be 44°.

Moreover, for conditional expression (15), it is preferable
to set an upper limit value, and to let the upper limit value to
be 60°. Making an arrangement so as not to exceed the upper
limit value of conditional expression (15) is advantageous for
reducing the distortion and securing off-axis incident light.
Furthermore, it is even more preferable to let the upper limit
value of conditional expression (15) to be 50°.

The abovementioned zoom lens and image pickup appara-
tus may satisfy the plurality of arrangements simultaneously.
This is preferable for achieving a favorable zoom lens and
image pickup apparatus. Moreover, combinations of prefer-
able arrangements are arbitrary. For each conditional expres-
sion, only an upper limit value and a lower limit value of a
numerical range of a conditional expression further restricted,
may be restricted.

®,, (the maximum half angle of view when focused to an
object at infinity at the wide angle end) will be described by
using FIG. 13. In FIG. 13, as to how, a zoom lens, an aperture
stop, and an image pickup surface are arranged on an optical
axis is shown. A light ray which is incident on the zoom lens,
upon passing through the aperture stop, is emerged from the
zoom lens, and reaches the image pickup surface.

In FIG. 13, a light ray L. shown by a solid line indicates a
light ray which reaches a point X on an eftective image pickup
area, from among light rays which pass through the center of
the aperture stop. The point X is a position farthest from the
optical axis in the effective image pickup area. Here, the
effective image pickup area being an area, in which an object
image is formed, the point X becomes the maximum image-
height position. In such manner, the light ray L is a light ray
which passes through the aperture stop, and which is incident
on the maximum image-height position. Moreover, ww is a
half angle of view with respect to an optical axis of light ray
L, at the wide angle end.

Examples of a zoom lens to be used in the image pickup
apparatus according to the present invention will be described
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below in detail by referring to the accompanying diagrams.
However, the present invention is not restricted to the
examples described below.

Examples from an example 1 to an example 6 of the zoom
lens will be described below. Lens cross-sectional views of
examples from the example 1 to the example 6 are shown in
diagrams from FIG. 1A, FIG. 1B, and FIG. 1C to FIG. 6A,
FIG. 6B, and FIG. 6C. In these diagrams, FIG. 1A, FIG. 2A,
FIG. 3A, FIG. 4A, FIG. 5A, and FIG. 6A are cross-sectional
views at a wide angle end, FIG. 1B, FIG. 2B, FIG. 3B, FIG.
4B, FIG. 5B, and FIG. 6B are cross-sectional views in an
intermediate focal length state, and FIG. 1C, FIG. 2C, FIG.
3C, FIG. 4C, FIG. 5C, and FIG. 6C are cross-sectional views
at atelephoto end. Each of FIG. 1A, FIG. 1B, and FIG. 1C to
FIG. 6A, FIG. 6B, and FIG. 6C is a lens cross-sectional view
when focused at an object at infinity.

Moreover, a first lens unit is denoted by G1, a second lens
unit is denoted by (G2, an aperture stop is denoted by S, a third
lens unit is denoted by G3, a fourth lens unit is denoted by G4,
a fifth lens unit is denoted by G5, a flat and parallel plate of a
cover glass of an electronic image pickup element is denoted
by C, and an image plane is denoted by I. A multilayer film for
restricting wavelength region may be applied to a surface of
the cover glass C. The cover glass C may be imparted an effect
of'a low-pass filter.

In examples from the example 1 to the example 6, a reflect-
ing surface is provided to a rectangular prism. The reflecting
surface is a flat surface and is disposed between an object-side
refracting surface and an image-side refracting surface of the
prism on an optical axis, to be inclined by roughly 45 degrees
with respect to an optical axis. Moreover, since the reflecting
surface reflects light that passes through an interior of the
prism, the reflecting surface is a back-surface reflecting sur-
face. Therefore, the prism is a back-surface reflecting prism.
The reflecting surface is not shown in the diagram, and
numerical data of the reflecting surface is omitted. The
object-side refracting surface and the image-side refracting
surface of the prism are shown in the diagram, and numerical
data thereof is shown.

An image pickup element is disposed on the image plane 1.
In a case in which, an image pickup area on the image pickup
element is substantially rectangular-shaped, it is preferable to
dispose the image pickup element such that a direction of a
narrow side of the image pickup area and an optical axis of
light incident on the zoom lens are almost parallel. Making
such an arrangement is advantageous for small-sizing of the
zoom lens in an optical axial direction of the light incident on
the zoom lens, and leads to slimming of the image pickup
apparatus.

In the zoom lenses in examples from the example 1 to the
example 6, an image height in the intermediate focal length
state and at the telephoto end is same, and the image height at
the wide angle end is smaller as compared to the image height
in the intermediate focal length state and the image height at
the telephoto end. This is because an image at the wide angle
end is let to have a barrel shape, and the distortion is corrected
by converting the barrel-shaped image to a rectangular-
shaped image electrically. Details of the electrical distortion
correction will be omitted.

Zoom lenses of examples from the example 1 to the
example 6 include a first positive lens unit having a positive
refractive power, a first negative lens unit having a negative
refractive power, a stop, and a second positive lens unit having
apositive refractive power. The first positive lens unit and the
first negative lens unit are disposed in order of the first posi-
tive lens unit and the first negative lens unit from an object
side to an image side. The second positive lens unit is dis-
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posed on the image side of the first negative lens unit, and the
stop is disposed between the first negative lens unit and the
second positive lens unit. At the time of zooming from the
wide angle end to the telephoto end, the first positive lens unit
is stationary, the first negative lens unit moves toward the
image side, and the second positive lens unit moves toward
the object side.

In the zoom lenses of examples from the example 1 to the
example 6, an order of arrangement of the refractive power
(including the stop S) is positive refractive power, negative
refractive power, S, positive refractive power, negative refrac-
tive power, and positive refractive power. Here, the first posi-
tive lens unit is the first lens unit G1, the first negative lens unit
is the second lens unit G2, and the second positive lens unit is
the third lens unit G3.

By making such an arrangement, in the examples from the
example 1 to the example 6, shortening the overall length of
the zoom lens and securing a high zoom ratio is achieved.
Moreover, since the arrangement improves symmetry of
order of arrangement of the refractive power, it becomes easy
to maintain a state in which, a fluctuation in the off-axis
aberration at the time of zooming, particularly, an off-axis
aberration such as the astigmatism and the coma is corrected
favorably.

Moreover, at the time of zooming from the wide angle end
to the telephoto end, both the first negative lens unit (second
lens unit G2) and the second positive lens unit (third lens unit
G3) move to come closer to the stop. A position of the first
negative lens unit (second lens unit G2) at the telephoto end is
on the image side of a position of the first negative lens unit at
the wide angle end, and a position of the second positive lens
unit (second lens unit G3) at the telephoto end is on the object
side of a position of the first negative lens unit at the wide
angle end. As a result, even when the angle of view of the
optical system is widened, it is possible to make the diameter
of'the first positive lens unit (first lens unit G1) small, and also
it becomes easier to secure a high zoom ratio.

Moreover, the first positive lens unit (first lens unit G1) is
stationary not only at the time of zooming but also at the time
of focusing. By making such an arrangement, it is possible to
simplify the layout of the optical system (lens units) in the
zoom lens. As aresult, it is possible to realize an image pickup
apparatus of further smaller size.

Moreover, the first positive lens unit (first lens unit G1)
includes a reflecting member having a reflecting surface
which bends an optical path, a first positive lens unit object-
side system, and a first positive lens unit image-side system.
The first positive lens unit object-side system is positioned on
the object side of the reflecting surface, and has a negative
refractive power. The first positive lens unit image-side sys-
tem is positioned on the image side of the reflecting surface,
and has a positive refractive power. By making such an
arrangement of the first positive lens unit, it is possible to
secure an appropriate positive refractive power in the first
positive lens unit (first lens unit G1). Moreover, it is possible
to make a space for disposing the reflecting member small.

The zoom lens of the example 1, as shown in FIG. 1A, FIG.
1B, and FIG. 1C, includes in order from an object side, a first
lens unit G1 (first positive lens unit) having a positive refrac-
tive power, a second lens unit G2 (first negative lens unit)
having a negative refractive power, a third lens unit G3 (sec-
ond positive lens unit) having a positive refractive power, a
fourth lens unit G4 (second negative lens unit) having a nega-
tive refractive power, and a fifth lens unit G5 (third positive
lens unit) having a positive refractive power. An aperture stop
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(stop) S is disposed between the second lens unit G2 (first
negative lens unit) and the third lens unit G3 (second positive
lens unit).

The first lens unit G1 includes a negative meniscus lens .1
having a convex surface directed toward the object side, a
prism L2, and a biconvex positive lens [.3. The second lens
unit G2 includes a biconcave negative lens 1.4, a biconcave
negative lens L5, and a positive meniscus lens [.6 having a
convex surface directed toward the object side. The third lens
unit G3 includes a biconvex positive lens 1.7, a negative
meniscus lens [.8 having a convex surface directed toward the
object side, and a biconvex positive lens [.9. Here, the nega-
tive meniscus lens [.8 and the biconvex positive lens 1.9 are
cemented. The fourth lens unit G4 includes a biconcave nega-
tive lens L10. The fifth lens unit G5 includes a biconvex
positive lens L11.

At the time of zooming from a wide angle end to a tele-
photo end, the first lens unit G1 is fixed (stationary), the
second lens unit G2 moves toward an image side, the aperture
stop S is fixed (stationary), the third lens unit G3 moves
toward the object side, the fourth lens unit G4 moves toward
the object side, and the fifth lens unit G5 is fixed (stationary).

An aspheric surface is provided to a total of 13 surfaces
namely, both surfaces of the biconvex positive lens 1.3, both
surfaces of the biconcave negative lens [.4, both surfaces of
the positive meniscus lens 1.6, both surfaces of the biconvex
positive lens [.7, an image-side surface of the biconvex posi-
tive lens 1.9, both surfaces of the biconcave negative lens .10,
and both surfaces of the biconvex positive lens [.11.

At the time of focusing from an object at infinity to an
object at a close distance, the fourth lens unit G4 moves
toward the image side along an optical axis.

The zoom lens of the example 2, as shown in FIG. 2A, FIG.
2B, and FIG. 2C, includes in order from an object side, a first
lens unit G1 (first positive lens unit) having a positive refrac-
tive power, a second lens unit G2 (first negative lens unit)
having a negative refractive power, a third lens unit G3 (sec-
ond positive lens unit) having a positive refractive power, a
fourth lens unit G4 (second negative lens unit) having a nega-
tive refractive power, and a fifth lens unit G5 (third positive
lens unit) having a positive refractive power. An aperture stop
(stop) S is disposed between the second lens unit G2 (first
negative lens unit) and the third lens unit G3 (second positive
lens unit).

The first lens unit G1 includes a negative meniscus lens .1
having a convex surface directed toward the object side, a
prism L2, and a biconvex positive lens [.3. The second lens
unit G2 includes a biconcave negative lens 1.4, a biconcave
negative lens L5, and a positive meniscus lens [.6 having a
convex surface directed toward the object side. The third lens
unit G3 includes a biconvex positive lens 1.7, a negative
meniscus lens [.8 having a convex surface directed toward the
object side, and a biconvex positive lens [.9. Here, the nega-
tive meniscus lens [.8 and the biconvex positive lens 1.9 are
cemented. The fourth lens unit G4 includes a biconcave nega-
tive lens L10. The fifth lens unit G5 includes a biconvex
positive lens L11.

At the time of zooming from a wide angle end to a tele-
photo end, the first lens unit G1 is fixed (stationary), the
second lens unit G2 moves toward an image side, the aperture
stop S is fixed (stationary), the third lens unit G3 moves
toward the object side, the fourth lens unit G4 moves toward
the object side, and the fifth lens unit G5 is fixed (stationary).

An aspheric surface is provided to a total of 11 surfaces
namely, both surfaces of the biconvex positive lens 1.3, both
surfaces of the biconcave negative lens [.4, both surfaces of
the positive meniscus lens 1.6, both surfaces of the biconvex
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positive lens [.7, an image-side surface of the biconvex posi-
tive lens 1.9, and both surfaces of the biconvex positive lens
L11.

At the time of focusing from an object at infinity to an
object at a close distance, the fourth lens unit G4 moves
toward the image side along an optical axis.

The zoom lens of the example 3, as shown in FIG. 3A, FIG.
3B, and FIG. 3C, includes in order from an object side, a first
lens unit G1 (first positive lens unit) having a positive refrac-
tive power, a second lens unit G2 (first negative lens unit)
having a negative refractive power, a third lens unit G3 (sec-
ond positive lens unit) having a positive refractive power, a
fourth lens unit G4 (second negative lens unit) having a nega-
tive refractive power, and a fifth lens unit G5 (third positive
lens unit) having a positive refractive power. An aperture stop
(stop) S is disposed between the second lens unit G2 (first
negative lens unit) and the third lens unit G3 (second positive
lens unit).

The first lens unit G1 includes a plano-concave negative
lens L1, a prism [.2, and a biconvex positive lens L3. The
second lens unit G2 includes a biconcave negative lens .4 and
a positive meniscus lens L5 having a convex surface directed
toward the object side. The third lens unit G3 includes a
biconvex positive lens 1.6, a negative meniscus lens [.7 having
a convex surface directed toward the object side, and a bicon-
vex positive lens [.8. Here, the negative meniscus lens .7 and
the biconvex positive lens 1.8 are cemented. The fourth lens
unit G4 includes a biconcave negative lens L.9. The fifth lens
unit G5 includes a biconvex positive lens L10.

At the time of zooming from a wide angle end to a tele-
photo end, the first lens unit G1 is fixed (stationary), the
second lens unit G2 moves toward an image side, the aperture
stop S is fixed (stationary), the third lens unit G3 moves
toward the object side, the fourth lens unit G4 moves toward
the object side, and the fifth lens unit G5 is fixed (stationary).

An aspheric surface is provided to a total of 10 surfaces
namely, both surfaces of the biconvex positive lens L3, both
surfaces of the biconcave negative lens L4, both surfaces of
the positive meniscus lens L5, both surfaces of the biconvex
positive lens 1.6, and both surfaces of the biconvex positive
lens L10.

At the time of focusing from an object an infinity to an
object at a close distance, the fourth lens unit G4 moves
toward the image side along an optical axis.

The zoom lens of the example 4, as shown in FIG. 4A, FIG.
4B, and FIG. 4C, includes in order from an object side, a first
lens unit G1 (first positive lens unit) having a positive refrac-
tive power, a second lens unit G2 (first negative lens unit)
having a negative refractive power, a third lens unit G3 (sec-
ond positive lens unit) having a positive refractive power, a
fourth lens unit G4 (second negative lens unit) having a nega-
tive refractive power, and a fifth lens unit G5 (third positive
lens unit) having a positive refractive power. An aperture stop
(stop) S is disposed between the second lens unit G2 (first
negative lens unit) and the third lens unit G3 (second positive
lens unit).

The first lens unit G1 includes a plano-concave lens .1, a
prism [.2, and a biconvex positive lens [.3. The second lens
unit G2 includes a biconcave negative lens L4 and a positive
meniscus lens L5 having a convex surface directed toward the
object side. The third lens unit G3 includes a biconvex posi-
tive lens 1.6, a negative meniscus lens 1.7 having a convex
surface directed toward the object side, and a biconvex posi-
tive lens L.8. Here, the negative meniscus lens [.7 and the
biconvex positive lens .8 are cemented. The fourth lens unit
G4 includes a biconcave negative lens 1.9. The fifth lens unit
G5 includes a biconvex positive lens L10.

At the time of zooming from a wide angle end to a tele-
photo end, the first lens unit G1 is fixed (stationary), the
second lens unit G2 moves toward an image side, the aperture
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stop S is fixed (stationary), the third lens unit G3 moves
toward the object side, the fourth lens unit G4 moves toward
the object side, and the fifth lens unit G5 is fixed (stationary).

An aspheric surface is provided to a total of 10 surfaces
namely, both surfaces of the biconvex positive lens 1.3, both
surfaces of the biconcave negative lens [.4, both surfaces of
the positive meniscus lens L5, both surfaces of the biconvex
positive lens 1.6, and both surfaces of the biconvex positive
lens L10.

At the time of focusing from an object at infinity to an
object at a close distance, the fourth lens unit G4 moves
toward the image side along an optical axis.

The zoom lens of the example 5, as shown in FIG. 5A, FIG.
5B, and FIG. 5C, includes in order from an object side, a first
lens unit G1 (first positive lens unit) having a positive refrac-
tive power, a second lens unit G2 (a first negative lens unit)
having a negative refractive power, a third lens unit G3 (sec-
ond positive lens unit) having a positive refractive power, a
fourth lens unit G4 (second negative lens unit) having a nega-
tive refractive power, and a fifth lens unit G5 (third positive
lens unit) having a positive refractive power. An aperture stop
(stop) S is disposed between the second lens unit G2 (first
negative lens unit) and the third lens unit G3 (second positive
lens unit).

The first lens unit G1 includes a biconcave negative lens
L1, a prism L2, and a biconvex positive lens [.3. The second
lens unit G2 includes a biconcave negative lens [.4, a bicon-
vex positive lens L5, and a negative meniscus lens L6 having
a convex surface directed toward an image side. Here, the
biconvex positive lens L5 and the negative meniscus lens L6
are cemented. The third lens unit G3 includes a biconvex
positive lens [.7, a negative meniscus lens [.8 having a convex
surface directed toward the object side, and a biconvex posi-
tive lens 1.9. Here, the negative meniscus lens [.8 and the
biconvex positive lens .9 are cemented. The fourth lens unit
G4 includes a biconcave negative lens [.10. The fifth lens unit
G5 includes a biconvex positive lens L11.

At the time of zooming from a wide angle end to a tele-
photo end, the first lens unit G1 is fixed (stationary), the
second lens unit G2 moves toward the image side, the aper-
ture stop S is fixed (stationary), the third lens unit G3 moves
toward the object side, the fourth lens unit G4, after moving
toward the object side, moves toward the image side, and the
fifth lens unit G5 is fixed (stationary). An amount by which
the fourth lens unit G4 moves toward the image side is small.

An aspheric surface is provided to a total of nine surfaces
namely, both surfaces of the biconvex positive lens 1.3, both
surfaces of the biconcave negative lens [.4, an image-side
surface of the negative meniscus lens L6, both surfaces of the
biconvex positive lens L7, and both surfaces of the biconvex
positive lens L11.

At the time of focusing from an object at infinity to an
object at a close distance, the fourth lens unit G4 moves
toward the image side along an optical axis.

The zoom lens of the example 6, as shown in FIG. 6 A, F1G.
6B, and FIG. 6C, includes in order from an object side, a first
lens unit G1 (first positive lens unit) having a positive refrac-
tive power, a second lens unit G2 (first negative lens unit)
having a negative refractive power, a third lens unit G3 (sec-
ond positive lens unit) having a positive refractive power, a
fourth lens unit G4 (second negative lens unit) having a nega-
tive refractive power, and a fifth lens unit G5 (third positive
lens unit) having a positive refractive power. An aperture stop
(stop) S is disposed between the second lens unit G2 (first
negative lens unit) and the third lens unit G3 (second positive
lens unit).

The first lens unit G1 includes a plano-concave negative
lens [L1, a prism [.2, and a biconvex positive lens [3. The
second lens unit G2 includes a biconcave negative lens [.4, a
biconvex positive lens L5, and a negative meniscus lens 1.6
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having a convex surface directed toward an image side. Here,
the biconvex positive lens L5 and the negative meniscus lens
L6 are cemented. The third lens unit G3 includes a biconvex
positive lens [.7, a negative meniscus lens [.8 having a convex
surface directed toward the object side, and a biconvex posi-
tive lens 1.9. Here, the negative meniscus lens [.8 and the
biconvex positive lens .9 are cemented. The fourth lens unit
G4 includes a biconcave negative lens [.10. The fifth lens unit
G5 includes a biconvex positive lens L11.

At the time of zooming from a wide angle end to a tele-
photo end, the first lens unit G1 is fixed (stationary), the
second lens unit G2 moves toward the image side, the aper-
ture stop S is fixed (stationary), the third lens unit G3 moves
toward the object side, the fourth lens unit G4, after moving
toward the object side, moves toward the image side, and the
fifth lens unit G5 is fixed (stationary). An amount by which
the fourth lens unit G4 moves toward the image side is small.

An aspheric surface is provided to a total of nine surfaces
namely, both surfaces of the biconvex positive lens L3, both
surfaces of the biconcave negative lens [.4, an image-side
surface of the negative meniscus lens L6, both surfaces of the
biconvex positive lens L7, and both surfaces of the biconvex
positive lens L11.

At the time of focusing from an object at infinity to an
object at a close distance, the fourth lens unit G4 moves
toward the image side along an optical axis.

Numerical data of each example described above is shown
below. Apart from symbols described above, r denotes radius
of curvature of each lens surface, d denotes a distance
between respective lens surfaces, nd denotes a refractive
index of each lens for a d-line, vd denotes an Abbe number for
each lens and * denotes an aspheric surface. Further, fdenotes
a focal length of the entire system, FNO. denotes an F num-
ber, o denotes a half angle of view, IH denotes an image
height, FB denotes a back focus, Lens total length is a dis-
tance from a lens forefront surface up to a lens backmost
surface and each of 1,12 . . . isa focal length of each lens unit.
Further, FB (back focus) is a unit which is expressed upon air
conversion of a distance from the lens backmost surface to a
paraxial image surface. Further, wide denotes a wide angle
end, standard denotes a intermediate focal length state, tele
denotes a telephoto end.

A shape of an aspheric surface is defined by the following
expression where the direction of the optical axis is repre-
sented by z, the direction orthogonal to the optical axis is
represented by y, a conical coefficient is represented by K,
aspheric surface coefficients are represented by A4, A6, A8,
Al0,

Z=(P M1+ 1=(A+k) /)2 Y2+ Ady 4465+ 48y 5+
A10y1°
Further, in the aspherical surface coefficients, ‘e-n’ (where,
n is an integral number) indicates ‘10™"’. Moreover, these

symbols are commonly used in the following numerical data
for each example.

EXAMPLE 1

Unit mm

Surface data

Surface no. T d nd vd
Object plane @ @
1 5868.194 0.50 2.00100  29.13
2 9.944 2.15
3 @ 8.10 1.92286  20.88
4 @ 0.15
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-continued
Unit mm

5% 11.221 2.85 1.61881 63.85

6* -11.727 Variable

7* -29.210 0.50 1.77030 47.40

8* 4.583 1.25

9 -40.857 0.60 1.69680 55.53
10 11.727 0.20
11* 7.066 1.38 1.80486 24.74
12% 224.805 Variable
13 (stop) @ Variable
14* 5.477 2.81 1.61881 63.85
15% -13.884 1.98
16 13.769 0.40 2.00100 29.13
17 3.058 2.95 1.50670 70.48
18* -27.236 Variable
19% -19.053 0.60 1.53071 55.69
20% 5.481 Variable
21%* 12.240 2.90 1.53071 55.69
22% -9.810 0.60
23 ] 0.80 1.51633 64.14
24 ] 2.17
Image plane @

(Image pickup surface)

Aspherical surface data

5th surface

k =0.000

A4 =-1.33845e-04, A6 = -4.38033e-06, A8 = 1.74779e-07,
A10 =-3.45325e-09

6th surface

k =0.000

A4 =1.78647e-04, A6 = -3.90166e-06, A8 = 1.64975e-07,
A10 =-3.15774e-09

7th surface

k =0.000

A4 =9.30133e-04, A6 = -7.55140e-05, A8 = -8.82412e-07,
A10 =9.03479%e-08

8th surface

k =0.000

A4 =-9.10768e-04, A6 = 5.68096e-05, A8 = -6.37103e-06,
A10 =-5.42047e-07

11th surface

k =0.000

A4 =-2.15456e-03, A6 = 7.25939e-05, A8 = 9.43097e-06,
A10 =-3.99105e-07

12th surface

k =0.000
A4 =-1.12076e-03, A6 = 7.36307e-06, A8 = 7.46212e-06
14th surface

k =0.000
A4 =-5.52046e-04, A6 = -1.13281e-05
15th surface

k =0.000
A4 =8.27756e-04, A6 = -1.59393e-05, A8 = 7.53204e-07
18th surface

k =0.000
A4 =-1.13944e-03, A6 = 5.39936e-05, A8 = —1.12183e-05
19th surface

k =0.000
A4 =-2.80342e-03, A6 = 2.05341e-04
20th surface

k =0.000
A4 =-2.22654e-03, A6 = 1.32701e-04
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-continued -continued
Unit mm Unit mm
21th surf:
surlace 5 6th surface
k =0.000
A4 =-6.73442e-05 k =0.000
22th surface A4 =8.72575e-05, A6 = 2.26896e-06, A8 = -7.32667e-08,
k= 0.000 Al10 =8.18844e-10
A4 =-1.11186e-05 10 7th surface
Zoom data k=0.000
A4 =1.12197e-03, A6 = -5.10784e-05, A8 = -2.79168e-06,
wide standard tele A10 =1.16978e-07
8th surf:
£ 391 8.54 18.80 15 surtace
Fno. 4.01 5.09 5.85
20 89.57 47.44 22.08 k=0.000
IH 3.25 3.86 3.86 A4 =-2.58679e-04, A6 = 8.28937e-05, A8 = 7.25167e-06,
FB (in air) 3.30 3.30 3.30 A10 = -1.50418e-06
Lens total length (in air) 51.26 51.26 51.26 11th surface
dé 0.50 4.11 8.76 20
d12 9.26 5.65 1.00
di13 5.76 2.26 0.90 k=0.000
dig 1.68 3.14 4.36 A4 =-1.50684e-03, A6 = 3.2773%9-05, A8 = 2.14545e-05,
d20 1.44 3.48 3.62 Al10 =-7.98449e-07
- 12th surface
Unit focal length
25
fl=1267 f2--698 f3=875  f4=-795 f5=10.75 k=0.000
A4 =-1.00574e-03, A6 = -2.22312e-05, A8 = 1.39239e-05
14th surface
EXAMPLE 2 k=000
A4 =-5.89917e-04, A6 = -7.24150e-06
15th surface
Unit mm k =0.000
A4 =3.19972e-04, A6 = -7.84875e-06, A8 = 2.86898e-07
Surface data 35
18th surface
Surface no. T d nd vd
k =0.000
Object plane ® ® A4 =-1.33060e-04, A6 = 7.97010e-06, A8 = -5.84876e-06
1 6181.608 0.50 2.00100 29.13 21th surface
2 9.966 2.15 40
3 ] 8.10 1.92286 20.88
4 o 0.15 k =0.000
5% 12.086 2.84 1.61881 63.85 A4 =5.82829e-04
6* -11.596 Variable 22th surface
7* -15.573 0.49 1.74320 49.29
8* 5.199 1.10
9 -75.708 0.50 169680 5553 45 k=0.000
10 19.492 0.20 A4 =1.65960e-03
11* 9.192 1.19 1.82115 24.06
12% 296.829 Variable Zoom data
13(stop) @ Variable
14% 6.476 2.60 1.61881 63.85 .
15% -13.494 2.36 50 wide standard tele
16 10.901 0.40 2.00100 29.13
17 3.587 2.77 1.49710 81.56 f 3.91 8.54 18.80
18* -44.262 Variable Fno. 4.03 5.08 5.43
19 -27.230 0.40 1.78590 44.20 20 89.35 4575 20.82
20 7.207 Variable
21%* 16.474 2.98 1.53071 55.69 55 TH L 3.25 3.86 3.86
5% 7572 518 FB (in air) 3.65 3.65 3.65
23 @ 0.80 1.51633 64.14 Lens total length(in air) 51.49 51.49 51.49
24 ] 0.94 dé 0.50 4.44 9.93
Image Plfme ® d12 10.33 6.39 0.90
(Imfage pickup d13 5.13 1.62 090
surface) 60 d1g 1.51 270 3.26
Aspherical surface data d20 164 3.96 4.12
Sth surface Unit focal length
k =0.000
A4 = -1.89595e-04, A6 = 1.80336e-06, A8 = ~6.11145¢-08, 65  fl=1351 £=-744 £5=85 f=-721 {5=1021

Al10 =5.37248e-10
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EXAMPLE 3 -continued
Unit mm
K 20th surface
Unit mm 5
k =0.000
Surface dat:
jrace ol A4 =1.20347e-03, A6 = —4.02664¢-06, A8 = 1.03124e-07
Surf: ) d d d
urrace no. T 1 Vi Zoom da_ta_
Object plane @ @ 10 .
1 w 0.50 2.00100  29.13 wide standard tele
2 9.680 1.97
3 o 8.10 1.92286  20.88 f 3.82 8.37 18.35
4 © 0.15 Fno. 3.86 491 5.49
5% 11.430 2.83 1.61881  63.85 20 90.43 46.27 21.49
6% -11.133 Variable IH 3.24 3.86 3.86
7% -24.279 0.50 185370 4058 15 FB (in air) 3.47 3.47 3.47
g* 4.179 1.26 Lens total length(in air) 51.25 51.25 51.25
o 14.302 1.78 2.10300  18.05 d6 0.50 4.00 8.99
10%* 4710.816 Variable d10 9.39 5.89 0.90
11(stop) @ Variable dit 5.84 1.93 0.90
12% 6.409 2.44 1.61881  63.85 416 540 359 420
13* ~13.508 2.39 20 d18 1.45 417 4.59
14 29.992 0.40 2.00100  29.13
15 4349 2.39 148749  70.23 )
16 8597 Variable Unit focal length
17 -20.612 0.40 1.78590  44.20
18 7299 Variable fl=1258 f£=-712 f3=876 f4=-682 f5=996
19% 11.030 3.09 153071 55.69 5
20% -9.161 2.00
21 @ 0.80 151633  64.14
22 @ 0.94
tmsge plags - EXAMPLE 4
(Image pickup
surface) 30
Aspherical surface data K
Unit mm
Sth surface Surface data
k=0.000 35 Surface no. T d nd vd
Ad = -1.79432e-04, A6 = -4.29538e-07, A8 = 1.90394e—08,
A10 = -4.62468e~10 Object plane @ @
6th surface 1 w 0.50 2.00100  29.13
2 9311 2.03
k =0.000 3 @ 8.10 1.92286  20.88
Ad = 1.467586-04, A6 = 1.73874e—07 0 4 @ 0.15
7th surface 5% 11.656 2.85 1.61881  63.85
6* -10.536 Variable
X = 0.000 7: -31.340 0.50 1.85075  40.16
Ad = 14507204, A6 = ~4.84437e~05, A8 = -2.95716e-08, 8* 4.033 1.25
ALD = 4 622490-08 9 15.621 114 2.10300  18.05
Sth surface 10* -299.752 Variable
45 11(stop) @ Variable
12% 6.392 3.09 1.61881  63.85
k=0.000 13 ~12.550 231
Ad = -1.78443e-03, A6 = 2.94906e-05, A8 = —1.40099¢—05, 14 64852 0.20 200100 2913
Al0 = 2.03050e-09 15 4.550 3.43 148749 70.23
9th surface 16 -7.461 Variable
50 17 ~12.468 0.40 1.78590  44.20
k =0.000 18 8.860 Variable
Ad = -9.30675e-04, A6 = 7.17812e-05, A8 = 8.73913e-07, 19% 10575 3.00 153071 55.69
A10 = -2.09447e-07 20% -8.065 1.98
10th surface 21 @ 0.80 151633  64.14
22 @ 0.92
k =0.000 35 Image plane o
Ad = -1.09602e~03, A6 = 3.04657e-05, A8 = —1.22498¢—07 (Image pickup
12th surface surface)
Kk = 0.000 Aspherical surface data
Ad = ~4.30124e-04, A6 = 2.72025e-06 b ourface
13th surface 60
k =0.000
k =0.000 Ad =—-1.50197e-04, A6 = —8.51991e-07, A8 = 1.09609¢-08,
Ad = 6.52400e-04, A6 = —3.16143e-06, A8 = 3.85219e-07 A10 = —3.869176-10
19th surface 6th surface
k =0.000 65 k =0.000

A4 =1.58687e-04, A6 =7.76641e-06, A8 = —1.05484e-07

A4 =1.98782e-04, A6 = -4.19557e-07
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-continued -continued
Unit mm Unit mm
7th surface 9 24.488 1.90 1.84666 23.78
5 10 -6.924 0.50 1.80610 40.88
k =0.000 11* -1027.764 Variable
A4 =-1.83870e-03, A6 =9.71472e-05, A8 = -7.12997e-06, 12(stop) ] Variable
Al10=2.11448e-07 13* 6.161 2.20 1.61881 63.85
8th surface 14* -14.534 2.33
15 24.464 0.50 2.00100 29.13
k =0.000 10 16 4.100 3.10 1.51633 64.14
A4 =-3.21370e-03, A6 =3.11120e-05, A8 = -1.24058e-05, 17 -9.936 Variable
Al10 =-1.65452e-08 18 -16.401 0.40 1.80610 40.92
9th surface 19 7.156 Variable
20% 10.527 3.00 1.53071 55.69
k =0.000 21% -8.654 1.98
A4 =-7.98548e-04, A6 = 6.00564e-06, A8 = 3.50746e-07, 15 22 ® 0.80 1.51633 64.14
A10 =-7.70670e-08 23 @ 0.91
10th surface Image plane @
Image pickuy
k=0.000 iurfa%e)p ’
A4 =-1.26595e-03, A6 =9.71283e-08, A8 = -9.28803e-09
12th surface 20 Aspherical surface data
k =0.000
A4 = —3.65084e-04, A6 = 4.50026e-06 Sth surface
13th surface
k =0.000
k= 0.000 Ad = -1.14157e-04, A6 = -1.06973e-06, A8 = 3.48137e-08,
Ad = 8.45812e-04, A6 = —2.79446e-06, A8 = 5.95940e-07 25 A10 = -4.73170e-10
19th surface 6th surface
k =0.000 k =0.000
A4 =8.47209¢-04, A6 = -2.16855e-05, A8 = -1.20990e-07 A4 =2.14980e-04, A6 = —5.81892e-07, A8 = 1.89136e-08
20th surface . 7th surface
k =0.000 % =0.000
A4 =2.82969e-03, A6 = - 6.11240e-05, A8 = 1.16675e-07 A4 = —1.37355e-03, A6 = 3.80725¢-05, A8 = ~3.71709¢-06,
7 dat A10=1.23109e-07
oom data 8th surface
wide standard tele 35
k =0.000
F 3.82 8.37 1835 A4 =-1.39480e-03, A6 = 1.07385¢-05, A8 = -1.04870e-05,
Fno. 3.95 5.09 5.57 Al0 = 2.59529e-07
20 90.17 45.66 21.19 11th surface
IH 3.24 3.86 3.86
FB (in air) 3.43 3.43 3.43 40 k =0.000
Lens total length(in air) 51.34 51.34 51.34 A4 =-9.67484e-04, A6 = -8.06696e-06
dé 0.50 4.33 9.29 13th surface
d1o 9.69 5.86 0.90
d11 5.23 1.75 0.90 k= 0.000
d16 2.36 3.76 3.95 A4 = —4.08137e-04, A6 = 3.32884e-06
dig 0.98 3.06 3.72 us L4th surface
Unit focal length Kk = 0.000
fl=1205 f2=-703 £3=921 f4=-654 15=9.13 Ad = 6.611705-04, A6 = 4.544842-06
20th surface
50 k =0.000
EXAMPLE 5 A4 =7.76209e-04, A6 = -1.13820e-05, A8 = 8.78426e-08
21th surface
k =0.000
A4 =2.36390e-03, A6 = -3.72524e-05, A8 = 2.91395e-07
Unit mm 55
Zoom data
Surface data
wide standard tele
Surface no. T d nd vd
. f 3.82 8.37 18.34
Object plane @ @
1 99567235 0.50 200100 2013 60 Tno. 3.95 3.30 581
5 0312 204 20 90.42 45.68 21.16
3 @ 8.10 192286  20.88 H 3.24 3.86 3.86
4 ® 0.20 FB (in air) 3.42 3.42 3.42
5% 12.455 2.85 1.61881 63.85 Lens total length(in air) 51.87 51.87 51.87
6* -10.274 Variable d6 0.45 4.21 9.17
7* -71.265 0.50 1.85075 40.16 65 di1 9.62 5.86 0.90
8* 4.512 1.11 d12 5.16 1.71 0.90
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-continued -continued
Unit mm Unit mm
d17 2.36 3.86 4.89 14th surface
d19 1.63 3.58 3.36 5
k =0.000
Unit focal length A4 =5.47621e-04, A6 = —3.96883e-06
20th surface
fl=1233 f£2=-6.69 f3=8.66 f4=-613 5=9.46
k =0.000
10 A4 =5.43640e-04, A6 = —2.02382e-05, A8 = 5.45259¢-07
21th surface
EXAMPLE 6 k =0.000
A4 =2.36390e-03, A6 = —5.96731e-05, A8 = 1.32792¢-06
15 Zoom data
Unit mm wide standard tele
Surface data T 3.82 8.37 18.35
Fno. 3.64 5.33 5.83
Surface no. T d nd vd 20 20 90.34 45.71 21.15
H 3.24 3.86 3.86
Object plane @ @ FB (in air) 3.44 3.44 3.44
1 ® 0.50 2.00100  29.13 Lens total length(in air) 51.85 51.85 51.85
2 10.044 2.01 dé 0.45 4.04 9.07
3 @ 8.10 1.92286  20.88 di1 9.52 5.93 0.90
4 o 0.20 d12 5.50 1.73 0.90
5* 12.083 2.79 1.61881  63.85 25 d17 2.40 3.89 4.80
6* -10.867 Variable d19 1.05 3.33 3.25
7% -20.570 0.50 1.85075  40.16
8* 4.688 1.20 Unit focal length
9 23.358 1.77 1.84666  23.78
10 -7.982 0.50 1.80610  40.88 fl=12.62 f2=-6.82 f3=893 f4=-580 f5=8.52
11% -49.610 Variable 30
12(stop) @ Variable
13: 6.353 2.25 1.61881  63.85 Aberration diagrams of the examples from the example 1 to
14 -14.273 2.60 .
15 27570 050 200100 2913 the example 6 are shown in diagrams from FIG. 7A, FIG. 7B,
16 4.100 3.17 151633  64.14 FIG. 7C, FIG. 7D, FIG. 7E, FIG. 7F, FIG. 7G, FIG. 7TH, FIG.
17 -9.550 Variable 35 71, FIG. 7], FIG. 7K, and FIG. 7L (hereinafter, ‘FIG. 7A to
}g -f;ﬁg Vi;gle 1.80610  40.92 FIG. 71’) to FIG. 12A, FIG. 12B, FIG. 12C, FIG. 12D, FIG.
20% 10.352 3.00 153071 55.69 12E, FIG. 12F, FIG. 12G, FIG. 12H, F1G. 121, FIG. 12], FIG.
21% -7.215 1.98 12K, and FIG. 121 (hereinafter, ‘FIG. 12A to FIG. 121
;g z g'gg 151633 64.14 respectively. Each of the aberration diagrams is an aberration
Image plane © ' 40 diagram when focu.sed. to an object at inﬁnity. Moreover, i.n
(Image pickup each diagram ‘FIY” indicates an image height when 0.2 mm is
surface) added to an image height IH, assuming that image motion due
Aspherical surface data tq camera shake is reduced by moving by shifting the image
pickup element.
Sth surface 4 In the aberration diagrams, diagrams from FIG. 7A, FIG.
k= 0.000 8A,FIG.9A, FIG. 10A, FIG. 11A, and FIG. 12A to FIG. 7D,

A4 =-1.17729e-04, A6 = -7.82163e-07, A8 = 1.72488e-08,
A10 =-5.79768e-10
6th surface

k =0.000
A4 =2.00799e-04, A6 = -4.57801e-07, A8 = 2.98894e-11
7th surface

k =0.000

A4 =-2.47459e-04, A6 = -8.37207e-06, A8 = -1.84912e-06,
A10 =8.11537e-08

8th surface

k =0.000

A4 =-7.21815e-04, A6 =2.51719e-05, AR = -1.13482e-05,
A10 =3.43610e-07

11th surface

k =0.000
A4 =-6.72712e-04, A6 = -2.17526e-05
13th surface

k =0.000
A4 = -4.25770e-04, A6 = —4.46440e-06

50

55

60

65

FIG. 8D, FIG. 9D, FIG. 10D, FIG. 11D, and FIG. 12D are
aberration diagrams at a wide angle end. FIG. 7A, FIG. 8A,
FIG.9A,FIG. 10A, FIG. 11A, and FIG. 12 A show a spherical
aberration (SA), FIG. 7B, FIG. 8B, FIG. 9B, FIG. 10B, FIG.
11B, and FIG. 12B show an astigmatism (AS), FIG. 7C, FIG.
8C, FIG. 9C, FIG. 10C, FIG. 11C, and FIG. 12C show a
distortion (DT), and FIG. 7D, FIG. 8D, FIG. 9D, FIG. 10D,
FIG. 11D, and FIG. 12D show a chromatic aberration of
magnification (CC).

Moreover, diagrams from FIG. 7E, FIG. 8E, FIG. 9E, FIG.
10E, FIG. 11E, and FIG. 12E to FIG. 7H, FIG. 8H, FIG. 9H,
FIG. 10H, FIG. 11H, and FIG. 12H are aberration diagrams in
an intermediate focal length state. FIG. 7E, FIG. 8E, FIG. 9E,
FIG. 10E, FIG. 11E, and FIG. 12E show a spherical aberra-
tion (SA), FIG. 7F, FIG. 8F, F1IG. 9F, FIG. 10F, FIG. 11F, and
FIG. 12F show an astigmatism (AS), FIG. 7G, FIG. 8G, FIG.
9G, FIG. 10G, FIG. 11G, and FIG. 12G show a distortion
(DT), and FIG. 7H, FIG. 8H, FIG. 9H, FIG. 10H, FIG. 11H,
and FIG. 12H show a chromatic aberration of magnification
(CO).
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Furthermore, diagrams from FIG. 71, FIG. 81, FIG. 91, FIG.
101, FIG. 111, and FIG. 121 to FIG. 7L, F1G. 8L, F1G. 9L, FIG.
10L, FIG. 11L, and FIG. 12L are aberration diagrams at a
telephoto end. FIG. 71, FIG. 81, FIG. 91, FIG. 101, FIG. 111,
and FIG. 121 show a spherical aberration (SA), FIG. 77, FIG.
8], FIG. 91, FIG. 10J, FI1G. 11J, and FIG. 12J show an astig-
matism (AS), FIG. 7K, FIG. 8K, FIG. 9K, FIG. 10K, FIG.
11K, and FIG. 12K show a distortion (DT), and FIG. 7L, FIG.
8L, FIG. 91, FIG. 10L, FIG. 11L, and FIG. 12L show a
chromatic aberration of magnification.
Next, values of conditional expressions (1) to (15) in each
example are given below. ‘-’ (hyphen) indicates that there is
no corresponding arrangement.

Example 1 Example 2 Example 3
1) £1,, 4.81 4.81 4.8
(2) ID1/Dypl 1.7 2.231 1.718
(3) f5p/Dopl 1.801 2.022 1.773
(4) IDn¢/Dspsl 1.7 2.231 1.718
(5) Dipnipp/Tie 0.821 0.769 0.813
6) vine 24.74 24.06 18.05
(7) f1pol x £1p/TH2 6.497 6.708 6.214
(8) tanw,, - (L,,,,/L,,) 0.834 0.832 0.85
9) DT/(f, p,/1H,) 6.253 6.147 6.31
(10) I(f, p,/TH,) x (f|/TH,)/tanwm,, | 8.532 9.143 8.096
(1) I(fyp /1) x (£15/1,)] 8.25 8.816 8.334
(12) I(f, p,/TH,)/(tano,, Y| 2.619 2.64 2.465
(13) (L,,/TH,) x (f,/TH,)/tanw,, 2.142 2.149 2.06
(14) If p,/TH,I 2.578 2.584 2.505
(15) o, 44.775 44.693 45.233
Example 4 Example 5 Example 6
1) £1,, 4.8 4.8 4.8
(2) ID»/Dypl 2.03 2.048 1.873
(3) f5p/Dopl 2.127 2.035 1.94
(4) IDyns/Dapsl 2.03 2.048 1.873
(5) Dipnipp/Tie 0.85 0.839 0.817
6) vine 18.05 — —
(7) If ol x f1p/TH,? 5.871 5.966 6.53
(8) tanw,,, - (L,,,/L,,) 0.844 0.85 0.85
) DT/(f, p/1H,) 6.344 6.495 6.009
(10) I(f, p,/TH,) x (f|/TH,)/tanwm,, | 7.505 7.647 8.4465
(1) I(fyp /1) x (£15/1,)] 7.679 7.858 8.675
(12) I(f, p,/TH,)/(tano,, Y| 2.4 2.38 2.569
(13) (L,,/1H,) x (£,/IH )/tanw,, 2.073 2.064 2.064
(14) If p,/TH,I 2.41 241 2.599
(15) o, 45.057 45.18 45.169

(Optical Path Bending Digital Camera)

Further, the zoom lens of the present invention described
above could be applied to an electrical image pick up appa-
ratus, especially a digital camera, video camera etc, in which
the image formed by the above-mentioned zoom lens is pho-
tographed by receiving the image on an electrical image
pickup element such as CCD etc. Such embodiment will be
described below.

FIG. 14 to FIG. 16 are conceptual diagrams of a structure of
a digital camera according to the present invention in which a
zoom lens system described above is incorporated in a taking
optical system 141. FIG. 14 is a front perspective view show-
ing an appearance of a digital camera 140, FIG. 15 is a rear
perspective view of the same, and FIG. 16 is a schematic
cross-sectional view showing a structure of the digital camera
140.

The digital camera 140, in a case of this example, includes
the taking optical system 141 having a taking optical path
142, a finder optical system 143 having a finder optical path
144, a shutter button 145, a flash 146, a liquid-crystal display
monitor 147 etc. When the shutter button 145 disposed on an
upper portion of the digital camera 140 is pressed, in synchro-
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nization with the pressing of the shutter button 145, a photo-
graph is taken by the taking optical system 141 such as the
zoom lens in the first embodiment. An object image formed
by the taking optical system 141 is formed on an image
pickup surface of a CCD 149 via a cover glass C and a low
pass filter on which a wavelength region restricting coating is
applied.

An object image which is received as light by the CCD 149
is displayed on the liquid-crystal display monitor 147 which
is provided on a rear surface of the digital camera 140 as an
electronic image, via a processing means 151. Moreover, a
recording means 152 is connected to the processing means
151, and it is also possible to record the electronic image
which is taken. The recording means 152 may be provided
separately from the processing means 151, or may be formed
by recording by writing electronically in a flexible disc, a
memory card, or an MO etc. Moreover, the camera may be
formed as a silver-salt camera in which a silver-salt film is
disposed instead of the CCD 149.

Furthermore, a finder objective optical system 153 is dis-
posed on the finder optical path 144. An object image formed
by the finder objective optical system 153 is formed on a field
frame 157 of a Porro prism 155 which is an image erecting
member. On a rear side of the Porro prism 155, an eyepiece
optical system 159 which guides an erected image to a view-
er’s eyeball, is disposed. A cover member 150 is disposed on
an emergence side of the eyepiece optical system 159.

In the digital camera 140 structured in such manner, since
the taking optical system 141 has a high zoom ratio and wide
angle of view at the wide angle end, it is possible to realize the
inexpensive digital camera in which the optical performance
is high and the depth is extremely thin.

Further, the example shown in FIG. 16, a plane parallel
plate is disposed as the cover member 150. However, the
cover member 150 could be omitted.

(Internal Circuit Structure)

FIG. 17 is a structural block diagram of an internal circuit
of main components of the digital camera 140. In the follow-
ing description, the processing means described above
includes for instance, a CDS/ADC section 124, a temporary
storage memory 117, and an image processing section 118,
and a storage means includes a storage medium section 119.

As shown in FIG. 17, the digital camera 140 includes an
operating section 112, a control section 113 which is con-
nected to the operating section 112, the temporary storage
memory 117 and an imaging drive circuit 116 which are
connected to a control-signal output port of the control sec-
tion 113, via a bus 114 and a bus 115, the image processing
section 118, the storage medium section 119, a display sec-
tion 120, and a set-information storage memory section 121.

The temporary storage memory 117, the image processing
section 118, the storage medium section 119, the display
section 120, and the set-information storage memory section
121 are structured to be capable of mutually inputting and
outputting data via a bus 122. Moreover, the CCD 149 and the
CDS/ADC section 124 are connected to the imaging drive
circuit 116.

The operating section 112 includes various input buttons
and switches, and informs the control section of an event
information which is input from outside (by a user of the
digital camera) via these input buttons and switches. The
control section 113 is a central processing unit (CPU) for
example, and has a built-in computer program memory which
is not shown in the diagram. The control section 113 controls
the entire digital camera 140 according to a computer pro-
gram stored in this computer program memory.
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The CCD 149 is an image pickup element which is driven
and controlled by the imaging drive circuit 116, and which
converts an amount of light for each pixel of the object image
to an electric signal, and outputs to the CDS/ADC section
124.

The CDS/ADC section 124 is a circuit which amplifies the
electric signal which is input from the CCD 149, and carries
out analog/digital conversion, and outputs to the temporary
storage memory 117 image raw data (Bayer data, hereinafter
called as ‘RAW data’) which is only amplified and converted
to digital data.

The temporary storage memory 117 is a buffer which
includes an SDRAM (Synchronous Dynamic Random
Access Memory) for example, and is a memory device which
stores temporarily the RAW data which is output from the
CDS/ADC section 124. The image processing section 118 is
a circuit which reads the RAW data stored in the temporary
storage memory 117, or the RAW data stored in the storage
medium section 119, and carries out electrically various
image-processing including the distortion correction, based
on image-quality parameters specified by the control section
113.

The storage medium section 119 is a recording medium in
the form of a card or a stick including a flash memory for
instance, detachably mounted. The storage medium section
119 records and maintains the RAW data transferred from the
temporary storage memory 117 and image data subjected to
image processing in the image processing section 118 in the
card flash memory and the stick flash memory.

The display section 120 includes the liquid-crystal display
monitor 147, and displays images and operation menu on the
liquid-crystal display monitor 147. The set-information stor-
age memory section 121 includes a ROM section in which
various image quality parameters are stored in advance, and a
RAM section which stores image quality parameters which
are selected by an input operation on the operating section
112, from among the image quality parameters which are read
from the ROM section. The set-information storage memory
section 121 is a circuit which controls an input to and an
output from the memories.

Asithas been described so far, the zoom lens and the image
pickup apparatus according to the present invention are
appropriate for an optical system of an image pickup appara-
tus which includes a zoom lens in which, both widening of the
angle of view and a high zoom ratio are achieved, as well as
various aberrations are corrected favorably. Moreover, it is
possible to provide a zoom lens in which, the thickness of an
optical system is slim while having a high zoom ratio, and the
angle of view is wide at the wide angle end, and also various
aberrations are corrected favorably, and an image pickup
apparatus which includes such zoom lens.

What is claimed is:

1. A zoom lens comprising:

a first positive lens unit having a positive refractive power;

afirst negative lens unithaving a negative refractive power;

a stop; and

a second positive lens unit having a positive refractive

power,

wherein

the first positive lens unit and the first negative lens unit
are disposed in order of the first positive lens unit and
the first negative lens unit from an object side to an
image side, and

the second positive lens unit is disposed on the image
side of the first negative lens unit, and

the stop is disposed between the first negative lens unit
and the second positive lens unit, and
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each of'the first positive lens unit, the first negative lens
unit, and the second positive lens unit includes a lens
component, and

at the time of zooming from a wide angle end to a
telephoto end, the first positive lens unit is stationary,
and the first negative lens unit moves toward the
image side and comes closer to the stop, and the
second positive lens unit moves toward the object side
and comes closer to the stop, and

at the time of focusing, the first positive lens unit is
stationary, and the first positive lens unit includes a
reflecting member having a reflecting surface which
bends an optical path, and a first positive lens unit
object-side system, and the first positive lens unit
object-side system is positioned on the object side of
the reflecting surface, and has a negative refractive
power, and the following conditional expressions (1),
(2), and (3) are satisfied

3.T<f/L, (6]

1.55<|D /D5pl<2.5 ()]

1.75<1f5p/D5pl<2.5 ©)
where,

f, denotes a focal length of the overall zoom lens
system at the telephoto end,

f,, denotes a focal length of the overall zoom lens
system at the wide angle end, and

both f, and f,, are focal lengths when focused to an
object at infinity, and

Din=Dnzr—Dinpw D2p=Dopri~Dopr,,, Where

D\, denotes a distance between the first negative
lens unit and an image plane, at the telephoto
end,

D a7, denotes a distance between the first negative
lens unit and the image plane, at the wide angle
end,

D, 5, denotes a distance between the second posi-
tive lens unit and the image plane, at the tele-
photo end, and

D, ., denotes a distance between the second posi-
tive lens unit and the image plane, at the wide
angle end, and

each of D}z Dinpws Dapg, and Dypp, is a focal
length when focused to an object at infinity, and

f,, is a focal length of the second positive lens unit,
and
the lens component is a component which has two sur-
faces namely an object-side surface and an image-
side surface, as refracting surfaces in contact with air.
2. The zoom lens according to claim 1, wherein
the following conditional expression (4) is satisfied

1.55<ID,yg/Dops|<2.5 @)
where,
Dy 3s=Dins=D1nsur Daps=DopsiDaps,» Where

D, ns, denotes a distance between the first negative
lens unit and the stop, at the telephoto end,

D, ns,, denotes a distance between the first negative
lens unit and the stop, at the wide angle end,

D, x5, denotes a distance between the second positive
lens unit and the stop, at the telephoto end, and
D, s, denotes a distance between the second positive

lens unit and the stop, at the wide angle end, and
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each of Dyq, Dinsws Dapsp and Dy, 1s a focal
length when focused to an object at infinity.

3. The zoom lens according to claim 1, wherein a position
of'the stop is fixed at the time of zooming from the wide angle
end to the telephoto end.

4. The zoom lens according to claim 1, wherein the lens
unit positioned nearest to the first negative lens unit, out of the
lens units positioned on the image side of the first negative
lens unit, is the second positive lens unit.

5. The zoom lens according to claim 1, wherein:

a second negative lens unit having a negative refractive
power is disposed on the image side of the second posi-
tive lens unit; and

athird positive lens unit having a positive refractive power
is disposed on the image side of the second negative lens
unit, and

at the time of zooming from the wide angle end to the
telephoto end, a distance between the second positive
lens unit and the second negative lens unit changes, and
a distance between the second negative lens unit and the
third positive lens unit changes.

6. The zoom lens according to claim 5, wherein the second

negative lens unit moves at the time of focusing.

7. The zoom lens according to claim 5, wherein

a position of the second negative lens unit at the telephoto
end is more toward the second positive lens unit than a
position of the second negative lens unit at the wide
angle end, and

the third positive lens unit is stationary at the time of
zooming from the wide angle end to the telephoto end.

8. The zoom lens according to claim 5, wherein the zoom
lens is a five unit zoom lens which includes in order from the
object side to the image side, the first positive lens unit, the
first negative lens unit, the stop, the second positive lens unit,
the second negative lens unit, and the third positive lens unit.

9. The zoom lens according to claim 5, wherein

the second negative lens unit includes one negative lens
component, and

in the negative lens component of the second negative lens
unit, a shape of the image-side surface is a concave
shape.

10. The zoom lens according to claim 5, wherein

the third positive lens unit includes one positive lens com-
ponent, and

in the positive lens component of the third positive lens
unit, both a shape of the object-side surface and a shape
of the image-side surface are convex shapes.

11. The zoom lens according to claim 10, wherein both the
object-side surface and the image-side surface of the positive
lens component in the third positive lens unit are aspheric
surfaces.

12. The zoom lens according to claim 1, wherein

the first positive lens unit includes in order from the object
side, a negative lens component, the reflecting member,
and a positive lens component, and

the negative lens component is the first positive lens unit
object-side system, and

in the negative lens component, a shape of the image-side
surface is a concave shape, and

the positive lens component is a first positive lens unit
image-side system, and the first positive lens unitimage-
side system is positioned on the image side of the reflect-
ing surface, and

in the positive lens component, both a shape of the object-
side surface and a shape of the image-side surface are
convex shapes, and

the reflecting member is made of a prism.
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13. The zoom lens according to claim 12, wherein the first
positive lens unit satisfies the following conditional expres-
sion (5)

0.5<Dpy1pp/fip<1.0 )]

where,

D, pnvipp denotes a distance along an optical axis
between the negative lens component in the first posi-
tive lens unit and the positive lens component in the
first positive lens unit, and

f, » denotes a focal length of the first positive lens unit.

14. The zoom lens according to claim 12, wherein both the
object-side surface and the image-side surface of the positive
lens component in the first positive lens unit are aspheric
surfaces.

15. The zoom lens according to claim 1, wherein

the first negative lens unit includes a negative lens compo-

nent which is disposed nearest to the object side, and a

positive lens component which is disposed nearest to the

image side, and

in the negative lens component disposed nearest to the

object side in the first negative lens unit, both a shape of
the object-side surface and a shape of the image-side
surface are concave surfaces.

16. The zoom lens according to claim 15, wherein

both the object-side surface and the image-side surface of
the negative lens component disposed nearest to the
object side in the first negative lens unit are aspheric
surfaces, and

the image-side surface of the positive lens component dis-
posed nearest to the image side in the first negative lens
unit is an aspheric surface.

17. The zoom lens according to claim 15, wherein

the positive lens component disposed nearest to the image
side in the first negative lens unit is a single lens, and

the single lens satisfies the following conditional expres-
sion (6)

Vinp<29

Q)

where,

v, v denotes Abbe’s number for a d-line of the single
lens.

18. The zoom lens according to claim 15, wherein

the positive lens component disposed nearest to the image
side in the first negative lens unit is a cemented lens, and

the cemented lens includes in order from the object side, a
biconvex positive lens and a negative meniscus lens.

19. The zoom lens according to claim 1, wherein

the second positive lens unit includes in order from the
object side, a positive lens component and a cemented
lens, and

in the positive lens component of the second positive lens

unit, both a shape of the object-side surface and a shape
of the image-side surface are convex shapes, and

the cemented lens in the second positive lens unit includes

in order from the object side, a negative lens having a
concave surface directed toward the image side, and a
biconvex positive lens.

20. The zoom lens according to claim 19, wherein both the
object-side surface and the image-side surface of the positive
lens component in the second positive lens unit are aspheric
surfaces.
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21. The zoom lens according to claim 1, wherein

the first positive lens unit includes a first positive lens unit
image-side system which is positioned on the image side
of the reflecting surface, and

the following conditional expression (7) is satisfied

4.5s5f, pIxf1p/TH 7.5 @)

where,
f, 5, denotes a focal length of the first positive lens unit
object-side system,
f, »; denotes a focal length of the first positive lens unit
image-side system, and
1H, denotes the maximum image height when focused
to an object at infinity, at the telephoto end.
22. The zoom lens according to claim 1, wherein
the reflecting member is a prism, and
the following conditional expressions (8) and (9) are sat-
isfied

0.7stan w,,~(L,,/L,,)s1.3 (8)
3.5=DTI(fp,/IH)=16 )
where,

®,, denotes the maximum half angle of view when
focused to an object at infinity, at the wide angle
end,

L,,;denotes atotal length of the prism along an optical
axis, and the total length of the prism is a distance
from an optical surface of the prism on the object
side of the reflecting surface, up to an optical sur-
face of the prism on the image side of the reflecting
surface,

L,, denotes a distance which added an air-converted
back-focus length to a total length of the overall
zoom lens system along the optical axis, and is a
distance when focused to an object at infinity, at the
wide angle end, and the total length of the overall
zoom lens system is a distance from a lens surface
nearest to the object side of the zoom lens, up to a
lens surface nearest to the image-side surface of the
zoom lens, and

DI=(IH,,~f,xtan w,,)/(f,,xtan ®,,)x100, and the unit is
percentage, and

f, », denotes a focal length of the first positive lens
object-side system,

1H, denotes the maximum image height when focused
to an object at infinity, at the telephoto end,

IH,, denotes the maximum image height when
focused to an object at infinity, at the wide angle
end, and

f,, denotes a focal length of the overall zoom lens
system when focused to an object at infinity, at the
wide angle end.

23. The zoom lens according to claim 1, wherein the fol-
lowing conditional expressions (10) and (11) are satisfied

425 (1 p/TH )X (fL/IH )/tan o, 1<11.6 (10)
5.65I(fip /)% (fiplfy)1s11.5 (11
where,

f, », denotes a focal length of the first positive lens unit
object-side system,
f, » denotes a focal length of the first positive lens unit,
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TH, denotes the maximum image height when focused to
an object at infinity, at the telephoto end,
,, denotes the maximum half angle of view when
focused to an object at infinity, at the wide angle end,
5 and
f,, denotes a focal length of the overall zoom lens system
when focused to an object at infinity, at the wide angle
end.
24. The zoom lens according to claim 1, wherein the fol-
10 lowing conditional expression (12) is satisfied

1.0sI(f, p/TH,)/(tan ©,,)?|<3.7 (12)

where,
f, », denotes a focal length of the first positive lens unit
object-side system,
TH, denotes the maximum image height when focused to
an object at infinity at the telephoto end, and
w,, denotes the maximum angle of view when focused to
an object at infinity at the wide angle end.
25. The zoom lens according to claim 1, wherein
the reflecting member is a prism, and
the following conditional expression (13) is satisfied

15

20

1.5s(L, /TH)x(f,/IH)tan ©,,£2.8 (13)
25
where,

L, denotes a total length of the prism along an optical
axis, and the total length of the prism is a distance
from an optical surface of the prism on the object

30 side of the reflecting surface, up to an optical sur-
face of the prism on the image side of the reflecting
surface,

1H, denotes the maximum image height when focused
to an object at infinity, at the telephoto end,

35 f,, denotes a focal length of the overall zoom lens
system when focused to an object at infinity, at the
wide angle end, and

,, denotes the maximum half angle of view when
focused to an object at infinity at the wide angle

4 end.

26. The zoom lens according to claim 1, wherein the fol-
lowing conditional expression (14) is satisfied

1.2s|f,p/IH,|<3.6 (14)

45 where,
f, », denotes a focal length of the first positive lens unit
object-side system, and
TH, denotes the maximum image height when focused to
an object at infinity, at the telephoto end.
50 27.The zoom lens according to claim 1, wherein the fol-
lowing conditional expression (15) is satisfied

,,=42° (15)
s where . .
,, denotes the maximum half angle of view when
focused to an object at infinity at the wide angle end.
28. An image pickup apparatus comprising:
a zoom lens according to claim 1; and
o a0 image pickup element which converts an image formed

by the zoom lens to an electric signal.
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